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ENVIRONMENTAL PROTECTION
AGENCY

40 CFR Parts 9, 141, and 142
[WH-FRL-6199-8]

RIN 2040-AB82

National Primary Drinking Water

Regulations: Disinfectants and
Disinfection Byproducts

AGENCY: Environmental Protection
Agency (EPA).
ACTION: Final rule.

SUMMARY: In this document, EPA is
finalizing maximum residual
disinfectant level goals (MRDLGSs) for
chlorine, chloramines, and chlorine
dioxide; maximum contaminant level
goals (MCLGs) for four trihalomethanes
(chloroform, bromodichloromethane,
dibromochloromethane, and
bromoform), two haloacetic acids
(dichloroacetic acid and trichloroacetic
acid), bromate, and chlorite; and
National Primary Drinking Water
Regulations (NPDWRs) for three
disinfectants (chlorine, chloramines,
and chlorine dioxide), two groups of
organic disinfection byproducts (total
trihalomethanes (TTHMs)—a sum of the
four listed above, and haloacetic acids
(HAA5)—a sum of the two listed above
plus monochloroacetic acid and mono-
and dibromoacetic acids), and two
inorganic disinfection byproducts
(chlorite and bromate). The NPDWRs
consist of maximum residual
disinfectant levels (MRDLS) or
maximum contaminant levels (MCLSs) or
treatment techniques for these
disinfectants and their byproducts. The
NPDWRs also include monitoring,
reporting, and public notification
requirements for these compounds. This

document includes the best available
technologies (BATSs) upon which the
MRDLs and MCLs are based. The set of
regulations promulgated today is also
know as the Stage 1 Disinfection
Byproducts Rule (DBPR). EPA believes
the implementation of the Stage 1 DBPR
will reduce the levels of disinfectants
and disinfection byproducts in drinking
water supplies. The Agency believes the
rule will provide public health
protection for an additional 20 million
households that were not previously
covered by drinking water rules for
disinfection byproducts. In addition, the
rule will for the first time provide
public health protection from exposure
to haloacetic acids, chlorite (a major
chlorine dioxide byproduct) and
bromate (a major ozone byproduct).

The Stage 1 DBPR applies to public
water systems that are community water
systems (CWSs) and nontransient
noncommunity water systems
(NTNCWs) that treat their water with a
chemical disinfectant for either primary
or residual treatment. In addition,
certain requirements for chlorine
dioxide apply to transient
noncommunity water systems
(TNCWSs).

EFFECTIVE DATE: This regulation is
effective February 16, 1999. Compliance
dates for specific components of the rule
are discussed in the Supplementary
Information Section. The incorporation
by reference of certain publications
listed in today’s rule is approved by the
Director of the Federal Register as of
February 16, 1999.

ADDRESSES: Public comments, the
comment/response document,
applicable Federal Register documents,
other major supporting documents, and
a copy of the index to the public docket
for this rulemaking are available for

review at EPA’s Drinking Water Docket:
401 M Street, SW., Washington, DC
20460 from 9 a.m. to 4 p.m., Eastern
Standard Time, Monday through Friday,
excluding legal holidays. For access to
docket materials, please call 202/260—
3027 to schedule an appointment and
obtain the room number.

FOR FURTHER INFORMATION CONTACT: For
general information contact, the Safe
Drinking Water Hotline, Telephone
(800) 426-4791. The Safe Drinking
Water Hotline is open Monday through
Friday, excluding Federal holidays,
from 9:00 am to 5:30 pm Eastern Time.
For technical inquiries, contact Tom
Grubbs, Office of Ground Water and
Drinking Water (MC 4607), U.S.
Environmental Protection Agency, 401
M Street SW, Washington, DC 20460;
telephone (202) 260-7270. For Regional
contacts see SUPPLEMENTARY
INFORMATION.

SUPPLEMENTARY INFORMATION: This
regulation is effective 60 days after
publication of Federal Register
document for purposes of the
Administrative Procedures Act and the
Congressional Review Act. Compliance
dates for specific components of the rule
are discussed below. Solely for judicial
review purposes, this final rule is
promulgated as of 1 p.m. Eastern Time
December 30, 1998, as provided in 40
CFR 23.7.

Regulated entities. Entities regulated
by the Stage 1 DBPR are community and
nontransient noncommunity water
systems that add a disinfectant during
any part of the treatment process
including a residual disinfectant. In
addition, certain provisions apply to
transient noncommunity systems that
use chlorine dioxide. Regulated
categories and entities include:

Category

Examples of regulated entities

Industry ......cccoeeeene
systems.
State, Local, Tribal, Same as above.
or Federal Gov-

ernments.

Community and nontransient noncommunity water systems that treat their water with a chemical disinfectant for either pri-
mary of residual treatment. In addition, certain requirements for chlorine dioxide apply to transient noncommunity water

This table is not intended to be
exhaustive, but rather provides a guide
for readers regarding entities likely to be
regulated by this action. This table lists
the types of entities that EPA is now
aware could potentially be regulated by
this action. Other types of entities not
listed in this table could also be
regulated. To determine whether your
facility is regulated by this action, you
should carefully examine the

applicability criteria in 8 141.130 of this
rule. If you have questions regarding the
applicability of this action to a
particular entity, contact one of the
persons listed in the preceding FOR
FURTHER INFORMATION CONTACT section
or the Regional contacts below.

Regional Contacts

I. Kevin Reilly, Water Supply Section,
JFK Federal Bldg., Room 203, Boston,
MA 02203, (617) 565-3616

Il. Michael Lowy, Water Supply Section,
290 Broadway 24th Floor, New York,
NY 10007-1866, (212) 637-3830

I11. Jason Gambatese, Drinking Water
Section (3WM41), 1650 Arch Street,
Philadelphia, PA 19103-2029, (215)
814-5759
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IV. David Parker, Water Supply Section,
345 Courtland Street, Atlanta, GA
30365, (404) 562-9460

V. Miguel Del Toral, Water Supply
Section, 77 W. Jackson Blvd., Chicago,
IL 60604, (312) 886-5253

VI. Blake L. Atkins, Drinking Water
Section, 1445 Ross Avenue, Dallas,
TX 75202, (214) 665—2297

VII. Ralph Flournoy, Drinking Water/
Ground Water Management Branch,
726 Minnesota Ave., Kansas City, KS
66101, (913) 551-7374

VIII. Bob Clement, Public Water Supply
Section (8P2-W-MS), 999 18th Street,
Suite 500, Denver, CO 80202—-2466,
(303) 312-6653

IX. Bruce Macler, Water Supply Section,
75 Hawthorne Street, San Francisco,
CA 94105, (415) 744-1884

X. Wendy Marshall, Drinking Water
Unit, 1200 Sixth Avenue (OW-136),
Seattle, WA 98101, (206) 553-1890

Abbreviations Used in This Document

AWWA: American Water Works
Association

AWWSCo: American Water Works
Service Company

BAT: Best available technology

BDCM: Bromodichloromethane

CDC: Centers for Disease Control and
Prevention

C.l.: Confidence Intervals

CMA: Chemicals Manufacturers
Association

CPE: Comprehensive performance
evaluation

CWS: Community water system

DBCM: Dibromochloromethane

DBP: Disinfection byproducts

D/DBP: Disinfectants and disinfection
byproducts

DBPR: Disinfection Byproducts Rule

DBPRAM: Disinfection byproducts
regulatory analysis model

DCA: Dichloroacetic acid

DOC: Dissolved organic carbon

DWSRF: Drinking Water State Revolving
Fund

EC: Enhanced coagulation

EJ: Environmental justice

EPA: United States Environmental
Protection Agency

ESWTR: Enhanced Surface Water
Treatment Rule

FACA: Federal Advisory Committee Act

GAC10: Granular activated carbon with
ten minute empty bed contact time
and 180 day reactivation frequency

GAC20: Granular activated carbon with
twenty minute empty bed contact
time and 180 day reactivation
frequency

GDP: Gross Domestic Product

GWR: Groundwater rule

HAAS: Haloacetic acids
(five)(chloroacetic acid, dichloroacetic
acid, trichloroacetic acid, bromoacetic
acid, and dibromoacetic acid)

HAN: Haloacetonitriles

ICR: Information collection rule (issued
under section 1412(b) of the SDWA)

ILSI: International Life Sciences
Institute

IESTWR: Interim Enhanced Surface
Water Treatment Rule

LOAEL: Lowest Observed Adverse
Effect Level

LT1ESTWR: Long-Term 1Enhanced
Surface Water Treatment Rule

MCL: Maximum contaminant level

MCLG: Maximum contaminant level
goal

M-DBP: Microbial and Disinfectants/
Disinfection Byproducts

mg/L: Milligrams per liter

MRDL: Maximum residual disinfectant
level

MRDLG: Maximum residual disinfectant
level goal

NDWAC: National Drinking Water
Advisory Council

NIST: National Institute of Science and
Technology

NOAEL: No Observed Adverse Effect
Level

NODA: Notice of Data Availability

NOM: Natural organic matter

NPDWR: National Primary Drinking
Water Regulation

NTNCWS: Nontransient noncommunity
water system

NTP: National Toxicology Program

NTTAA: National Technology Transfer
and Advancement Act

NTU: Nephelometric turbidity unit

OMB: Office of Management and Budget

PAR: Population attributable risk

PBMS: Performance based measurement
system

PE: Performance evaluation

PODR: Point of diminishing return

PQL: Practical quantitation limit

PWS: Public water system

QC: Quality control

Reg. Neg.: Regulatory Negotiation

RFA: Regulatory Flexibility Act

RfD: Reference dose

RIA: Regulatory impact analysis

RSC: Relative source contribution

SAB: Science Advisory Board

SBREFA: Small Business Regulatory
Enforcement Fairness Act

SDWIS: Safe Drinking Water
Information System

SUVA: Specific ultraviolet absorbance

SDWA: Safe Drinking Water Act, or the
“Act,” as amended 1996

SWTR: Surface Water Treatment Rule

TC: Total coliforms

TCA: Trichloroacetic acid

TCR: Total Coliform Rule

TOC: Total organic carbon

TOX: Total organic halides

TTHM: Total trihalomethanes
(chloroform, bromdichloromethane,
dibromochloromethane, and
bromoform)

TNCWS: Transient noncommunity
water systems

TWG: Technical work group

UMRA: Unfunded mandates reform act

URTH: Unreasonable risk to health

WIDB: Water Industry Data Base
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l. Background

A. Statutory Requirements and Legal
Authority

The Safe Drinking Water Act (SDWA
or the Act), as amended in 1986,
requires USEPA to publish a “maximum
contaminant level goal”” (MCLG) for
each contaminant which, in the
judgement of the USEPA Administrator,
“may have any adverse effect on the
health of persons and which is known
or anticipated to occur in public water
systems” (Section 1412(b)(3)(A)).
MCLGs are to be set at a level at which
“no known or anticipated adverse effect
on the health of persons occur and
which allows an adequate margin of
safety”” (Section 1412(b)(4)).

The Act was amended in August
1996. As a result of these Amendments,
several of these provisions were
renumbered and augmented with
additional language. Other sections
were added establishing new drinking
water requirements. These
modifications are outlined below.

The Act also requires that at the same
time USEPA publishes an MCLG, which
is a non-enforceable health goal, it also
must publish a National Primary
Drinking Water Regulation (NPDWR)
that specifies either a maximum
contaminant level (MCL) or treatment
technique (Sections 1401(1) and
1412(a)(3)). USEPA is authorized to
promulgate a NPDWR *‘that requires the
use of a treatment technique in lieu of
establishing a MCL,” if the Agency finds
that *it is not economically or
technologically feasible to ascertain the
level of the contaminant”.

As amended, EPA’s general authority
to set a maximum contaminant level
goal (MCLG) and National Primary
Drinking Water Regulation (NPDWR)
applies to contaminants that may ‘“‘have
an adverse effect on the health of
persons,” that are ‘‘known to occur or
there is a substantial likelihood that the
contaminant will occur in public water
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systems with a frequency and at levels
of public health concern,” and for
which “in the sole judgement of the
Administrator, regulation of such
contaminant presents a meaningful
opportunity for health risk reduction for
persons served by public water
systems” (SDWA Section 1412(b)(1)(A)).

The amendments, also require EPA,
when proposing a NPDWR that includes
an MCL or treatment technique, to
publish and seek public comment on an
analysis of health risk reduction and
cost impacts. In addition, EPA is
required to take into consideration the
effects of contaminants upon sensitive
subpopulations (i.e. infants, children,
pregnant women, the elderly, and
individuals with a history of serious
illness), and other relevant factors.
(Section 1412 (b)(3)(C)).

The amendments established a
number of regulatory deadlines,
including schedules for a Stage 1
Disinfection Byproduct Rule (DBPR), an
Interim Enhanced Surface Water
Treatment Rule (IESWTR), a Long-Term
Final Enhanced Surface Water
Treatment Rule (LTESWTR) affecting
Public Water Systems (PWSs) that serve
under 10,000 people, and a Stage 2
DBPR (Section 1412(b)(2)(C)). The Act
as amended also requires EPA to
promulgate regulations to address filter
backwash (Section 1412(b)(14)). Finally,
the Act requires EPA to promulgate
regulations specifying criteria for
requiring disinfection ‘“‘as necessary’’ for
ground water systems (Section 1412
(b)(®)).

Finally, as part of the 1996 SDWA
Amendments, recordkeeping
requirements were modified to apply to
“every person who is subject to a
requirement of this title or who is a
grantee” (Section 1445 (a)(1)(A)). Such
persons are required to “establish and
maintain such records, make such
reports, conduct such monitoring, and
provide such information as the
Administrator may reasonably require
by regulation * * *”.

B. Regulatory History

1. Existing Regulations

Surface Water Treatment Rule. Under
the Surface Water Treatment Rule
(SWTR) (54 FR 27486, June 29, 1989)
(EPA,1989a), EPA set maximum
contaminant level goals of zero for
Giardia lamblia, viruses, and Legionella;
and promulgated NPDWR for all PWSs
using surface water sources or ground
water sources under the direct influence
of surface water. The SWTR includes
treatment technique requirements for
filtered and unfiltered systems that are
intended to protect against the adverse

health effects of exposure to Giardia
lamblia, viruses, and Legionella, as well
as many other pathogenic organisms.
Briefly, those requirements include: (1)
requirements for a maintenance of a
disinfectant residual in the distribution
system; (2) removal and/or inactivation
of 3 logs (99.9%) for Giardia and 4 logs
(99.99%) for viruses; (3) combined filter
effluent performance of 5 nephelometric
turbidity unit (NTU) as a maximum and
0.5 NTU at 95th percentile monthly,
based on 4-hour monitoring for
treatment plants using conventional
treatment or direct filtration (with
separate standards for other filtration
technologies); and (4) watershed
protection and other requirements for
unfiltered systems.

Total Coliform Rule. The Total
Coliform Rule (TCR) (54 FR 27544; June
29, 1989) applies to all public water
systems (EPA, 1989b). This regulation
sets compliance with the MCL for total
coliforms (TC) as follows. For systems
that collect 40 or more samples per
month, no more than 5.0% of the
samples may be TC-positive; for those
that collect fewer than 40 samples, no
more than one sample may be TC-
positive. In addition, if two consecutive
samples in the system are TC-positive,
and one is also fecal coliform or E. coli-
positive, then this is defined as an acute
violation of the MCL. If a system
exceeds the MCL, it must notify the
public using mandatory language
developed by the EPA. The required
monitoring frequency for a system
depends on the number of people
served and, ranges from 480 samples per
month for the largest systems to once
annually for certain of the smallest
systems. All systems must have a
written plan identifying where samples
are to be collected.

If a system has a TC-positive sample,
it must test that sample for the presence
of fecal coliforms or E. coli. The system
must also collect a set of repeat samples,
and analyze for TC (and fecal coliform
or E. coli) within 24 hours of the first
TC-positive sample.

The TCR also requires an on-site
inspection every 5 years (10 years for
non-community systems using only
protected and disinfected ground water)
for each system that collects fewer than
five samples per month. This on-site
inspection (referred to as a sanitary
survey) must be performed by the State
or by an agent approved by the State.

Total Trihalomethane Rule. In
November 1979 (44 FR 68624) (EPA,
1979) EPA set an interim MCL for total
trihalomethanes (TTHM) of 0.10
milligrams per liter (mg/L) as an annual
average. Compliance is defined on the
basis of a running annual average of

quarterly averages of all samples. The
value for each sample is the sum of the
measured concentrations of chloroform,
bromodichloromethane (BDCM),
dibromochloromethane (DBCM) and
bromoform.

The interim TTHM standard only
applies to community water systems
using surface water and/or ground water
serving at least 10,000 people that add
a disinfectant to the drinking water
during any part of the treatment process.
At their discretion, States may extend
coverage to smaller PWSs; however,
most States have not exercised this
option.

Information Collection Rule. The
Information Collection Rule (ICR) is a
monitoring and data reporting rule that
was promulgated on May 14, 1996 (61
FR 24354) (EPA, 1996a). The purpose of
the ICR is to collect occurrence and
treatment information to help evaluate
the need for possible changes to the
current SWTR and existing microbial
treatment practices, and to help evaluate
the need for future regulation for
disinfectants and disinfection
byproducts (D/DBPs). The ICR will
provide EPA with additional
information on the national occurrence
in drinking water of (1) chemical
byproducts that form when disinfectants
used for microbial control react with
naturally occurring compounds already
present in source water and (2) disease-
causing microorganisms, including
Cryptosporidium, Giardia, and viruses.
The ICR will also provide engineering
data on how PWSs currently control for
such contaminants. This information is
being collected because the 1992
Regulatory Negotiating Committee
(henceforth referred to as the Reg. Neg.
Committee) on microbial pathogens and
disinfectants and DBPs concluded that
additional information was needed to
assess the potential health problem
created by the presence of DBPs and
pathogens in drinking water and to
assess the extent and severity of risk in
order to make sound regulatory and
public health decisions. The ICR will
also provide information to support
regulatory impact analyses for various
regulatory options, and to help develop
monitoring strategies for cost-effectively
implementing regulations.

The ICR pertains to large public water
systems serving populations at least
100,000; a more limited set of ICR
requirements pertain to ground water
systems serving between 50,000 and
100,000 people. About 300 PWSs
operating 500 treatment plants are
involved with the extensive ICR data
collection. Under the ICR, these PWSs
monitor for water quality factors
affecting DBP formation and DBPs
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within the treatment plant and in the
distribution system monthly for 18
months. In addition, PWSs must
provide operating data and a description
of their treatment plan design and
surface water systems must monitor for
bacteria, viruses, and protozoa. Finally,
a subset of PWSs must perform
treatment studies, using either granular
activated carbon (GAC) or membrane
processes, to evaluate DBP precursor
removal and control of DBPs.
Monitoring for treatment study
applicability began in September 1996.
The remaining occurrence monitoring
began in July 1997.

One initial intent of the ICR was to
collect pathogen occurrence data and
other information for use in developing
the IESWTR and to estimate national
costs for various treatment options.
However, because of delays in
promulgating the ICR and technical
difficulties associated with laboratory
approval and review of facility sampling
plans, ICR monitoring did not begin
until July 1, 1997, which was later than
originally anticipated. As a result of this
delay and the new statutory deadlines
for promulgating the Stage 1 DBPR and
IESWTR in November of 1998 (resulting
from the 1996 SDWA amendments), ICR
data were not available in time to
support these rules. In place of the ICR
data, the Agency worked with
stakeholders to identify other sources of
data developed since 1994 that could be
used to support the development of the
Stage 1 DBPR and IESWTR. EPA will
continue to work with stakeholders in
analyzing and using the comprehensive
ICR data and research for developing
future Enhanced Surface Water
Treatment requirements and the Stage 2
DBPR.

2. Public Health Concerns to be
Addressed

EPA’s main mission is the protection
of human health and the environment.
When carrying out this mission, EPA
must often make regulatory decisions
with less than complete information and
with uncertainties in the available
information. EPA believes it is
appropriate and prudent to err on the
side of public health protection when
there are indications that exposure to a
contaminant may present risks to public
health, rather than take no action until
risks are unequivocally proven.

In regard to the Stage 1 DBPR, EPA
recognizes that the assessment of public
health risks from disinfection of
drinking water currently relies on
inherently difficult and preliminary
empirical analysis. On one hand,
epidemiologic studies of the
populations in various geographic areas

are hampered by difficulties of study
design, scope, and sensitivity. On the
other hand, uncertainty is involved in
the interpretation of results using high
dose animal toxicological studies of a
few of the numerous byproducts that
occur in disinfected drinking water to
estimate the risk to humans from
chronic exposure to low doses of these
and other byproducts. Such studies of
individual DBPs is insufficient to
characterize risks from exposure to the
entire mixture of DBPs in disinfected
drinking water. While recognizing these
uncertainties, EPA continues to believe
that the Stage 1 DBPR is necessary for
the protection of public health from
exposure to potentially harmful DBPs.

A fundamental component in
assessing the risk for a contaminant is
the number of people that may be
exposed to the parameter of concern. In
this case, there is a very large
population potentially exposed to DBPs
through drinking water in the U.S. Over
200 million people are served by PWSs
that apply a disinfectant (e.g., chlorine)
to water in order to provide protection
against microbial contaminants. While
these disinfectants are effective in
controlling many microorganisms, they
react with natural organic and inorganic
matter in the water to form DBPs, some
of which may pose health risks. One of
the most complex questions facing
water supply professionals is how to
minimize the risks from DBPs and still
maintain adequate control over
microbial contaminants. Because of the
large number of people exposed to
DBPs, there is a substantial concern for
any risks associated with DBPs that may
impact public health.

Since the discovery of chlorination
byproducts in drinking water in 1974,
numerous toxicological studies have
been conducted. Results from these
studies have shown several DBPs (e.g.,
bromodichloromethane, bromoform,
chloroform, dichloroacetic acid, and
bromate) to be carcinogenic in
laboratory animals . Some DBPs (e.g.,
chlorite, BDCM, and certain haloacetic
acids) have also been shown to cause
adverse reproductive or developmental
effects in laboratory animals. Although
many of these studies have been
conducted at high doses, EPA believes
the studies provide evidence that DBPs
present a potential public health risk
that needs to be addressed.

In the area of epidemiology, a number
of epidemiology studies have been
conducted to investigate the
relationship between exposure to
chlorinated surface water and cancer.
While EPA cannot conclude there is a
causal link between exposure to
chlorinated surface water and cancer,

these studies have suggested an
association, albeit small, between
bladder, rectal, and colon cancer and
exposure to chlorinated surface water.
While there are fewer published
epidemiology studies that have been
conducted to evaluate the possible
relationship between exposure to
chlorinated surface water and
reproductive and developmental effects,
a recent study has suggested an
association between early term
miscarriage and exposure to drinking
water with elevated trihalomethane
levels. In addition to this study, another
new study reported a small increased
risk of neural tube defects associated
with consumption of drinking water
containing high levels of TTHMs.
However, no significant associations
were observed with individual THMs,
HAAs, and haloacetonitriles (HANS)
and adverse outcomes in this study. As
with cancer, EPA cannot conclude at
this time there is a causal link between
exposure to DBPs and reproductive and
developmental effects.

While EPA recognizes there are data
deficiencies in the information on the
health effects from the DBPs and the
levels at which they occur, the Agency
believes the weight-of-evidence
presented by the available
epidemiological studies on chlorinated
drinking water and toxicological studies
on individual DBPs support a potential
hazard concern and warrant regulatory
action at this time to reduce DBP levels
in drinking water. Recognizing the
deficiencies in the existing data, EPA
believes the incremental two-stage
approach for regulating DBPs, agreed
upon by the regulatory negotiation
process, is prudent and necessary to
protect public health and meet the
requirements of the SDWA.

In conclusion, because of the large
number of people exposed to DBPs and
the different potential health risks (e.g.,
cancer and adverse reproductive and
developmental effects) that may result
from exposure to DBPs, EPA believes
the Stage 1 DBPR is needed to further
prevent potential health effects from
DBPs, beyond that controlled for by the
1979 total trihalomethane rule. Both the
Reg. Neg. Committee for the 1994
proposed rule and the Microbial and
Disinfectants/Disinfection Byproducts
Advisory Committee (henceforth cited
as the M-DBP Advisory Committee)
formed in March 1997 under the Federal
Advisory Committee Act (FACA),
agreed with the need for the Stage 1
DBPR to reduce potential risks from
DBPs in the near term, while
acknowledging additional information
is still needed for the Stage 2 DBPR
(especially on health effects),
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3. Regulatory Negotiation Process

In 1992 EPA initiated a negotiated
rulemaking to address public health
concerns associated with disinfectants,
DBPs, and microbial pathogens. The
negotiators included representatives of
State and local health and regulatory
agencies, public water systems, elected
officials, consumer groups and
environmental groups. The Reg. Neg.
Committee met from November 1992
through June 1993.

Early in the process, the negotiators
agreed that large amounts of information
necessary to understand how to
optimize the use of disinfectants to
concurrently minimize microbial and
DBP risk on a plant-specific basis were
unavailable. Nevertheless, the Reg. Neg.
Committee agreed that EPA propose a
Stage 1 DBPR to extend coverage to all
community and nontransient
noncommunity water systems that use
disinfectants, reduce the current TTHM
MCL, regulate additional DBPs, set
limits for the use of disinfectants, and
reduce the level of organic precursor
compounds in the source water that
may react with disinfectants to form
DBPs.

EPA’s most significant concern in
developing regulations for disinfectants
and DBPs was the need to ensure that
adequate treatment be maintained for
controlling risks from microbial
pathogens. One of the major goals
addressed by the Reg. Neg. Committee
was to develop an approach that would
reduce the level of exposure from
disinfectants and DBPs without
undermining the control of microbial
pathogens. The intention was to ensure
that drinking water is microbiologically
safe at the limits set for disinfectants
and DBPs and that these chemicals do
not pose an unacceptable health risk at
these limits. Thus, the Reg. Neg.
Committee also considered a range of
microbial issues and agreed that EPA
should also propose a companion
microbial rule (IESWTR).

Following months of intensive
discussions and technical analysis, the
Reg. Neg. Committee recommended the
development of three sets of rules: a
two-staged approach for the DBPs
(proposal: 59 FR 38668, July 29, 1994)
(EPA, 1994a), an “interim” ESWTR
(proposal: 59 FR 38832, July 29, 1994)
(EPA, 1994b), and an information
collection rule (proposal: 59 FR 6332,
February 10, 1994) (EPA, 1994c)
(promulgation: 61FR24354, May 14,
1996) (EPA, 1996a). The approach used
in developing these proposals
considered the constraints of
simultaneously treating water to control

for both microbial contaminants and D/
DBPs.

The Reg. Neg. Committee agreed that
the schedules for IESWTR and
LTESWTR should be “linked” to the
schedule for the Stage 1 DBPR to assure
simultaneous compliance and a
balanced risk-risk based
implementation. The Reg. Neg.
Committee agreed that additional
information on health risk, occurrence,
treatment technologies, and analytical
methods needed to be developed in
order to better understand the risk-risk
tradeoff, and how to accomplish an
overall reduction in health risks to both
pathogens and D/DBPs.

Finally the Reg. Neg. Committee
agreed that to develop a reasonable set
of rules and to understand more fully
the limitations of the current SWTR,
additional field data were critical. Thus,
a key component of the regulation
negotiation agreement was the
promulgation of the ICR previously
described.

4. Federal Advisory Committee Process

In May 1996, the Agency initiated a
series of public informational meetings
to provide an update on the status of the
1994 proposal and to review new data
related to microbial and DBP regulations
that had been developed since July
1994. In August 1996, Congress enacted
the 1996 SDWA Amendments which
contained a number of new
requirements, as discussed above, as
well as specifying deadlines for final
promulgation of the IESWTR and Stage
1 DBPR. To meet these deadlines and to
maximize stakeholder participation, the
Agency established the M—DBP
Advisory Committee under FACA in
March 1997, to collect, share, and
analyze new information and data, as
well as to build consensus on the
regulatory implications of this new
information. The Committee consisted
of 17 members representing EPA, State
and local public health and regulatory
agencies, local elected officials, drinking
water suppliers, chemical and
equipment manufacturers, and public
interest groups.

The M-DBP Advisory Committee met
five times in March through July 1997
to discuss issues related to the IESWTR
and Stage 1 DBPR. Technical support
for these discussions was provided by a
Technical Work Group (TWG)
established by the Committee at its first
meeting in March 1997. The
Committee’s activities resulted in the
collection, development, evaluation,
and presentation of substantial new data
and information related to key elements
of both proposed rules. The Committee
reached agreement on a number of

major issues that were discussed in
Notices of Data Availability (NODA) for
the IESWTR (62 FR 59486, November 3,
1997) (EPA, 1997a) and the Stage 1
DBPR (62 FR 59388, November 3, 1997)
(EPA, 1997b). The major
recommendations addressed by the
Committee and in the NODAs were to:
(1) Maintain the proposed MCLs for
TTHM, HAAS5, and bromate; (2) modify
the enhanced coagulation requirements
as part of DBP control; (3) include a
microbial benchmarking/profiling to
provide a methodology and process by
which a PWS and the State, working
together, assure that there will be no
significant reduction in microbial
protection as the result of modifying
disinfection practices in order to meet
MCLs for TTHM and HAAS; (4)
continue credit for compliance with
applicable disinfection requirements for
disinfection applied at any point prior
to the first customer, consistent with the
existing SWTR; (5) modify the turbidity
performance requirements and add
requirements for individual filters; (6)
establish an MCLG for Cryptosporidium;
(7) add requirements for removal of
Cryptosporidium; (8) provide for
mandatory sanitary surveys; and (9)
make a commitment to additional
analysis of the role of Cryptosporidium
inactivation as part of a multiple barrier
concept in the context of a subsequent
Federal Register microbial proposal. The
new data and analysis supporting the
technical areas of agreement were
summarized and explained at length in
EPA’s 1997 NODAs (EPA, 1997a and
EPA, 1997b).

5. 1997 and 1998 Notices of Data
Availability

In November 1997 EPA published a
NODA (USEPA, 1997b) that
summarized the 1994 proposal;
described new data and information that
the Agency has obtained and analyses
that have been developed since the
proposal; provided information
concerning the July 1997
recommendations of the M—DBP
Advisory Committee on key issues
related to the proposal (described
above); and requested comment on these
recommendations, as well as on other
regulatory implications that flow from
the new data and information. The
Agency solicited additional data and
information that were relevant to the
issues discussed in the DBP NODA. EPA
also requested that any information the
Agency should consider as part of the
final rule development process
regarding data or views submitted to the
Agency since the close of the comment
period on the 1994 proposal, be
formally resubmitted during the 90-day
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comment period unless already in the
underlying record in the docket for the
NODA.

In March 1998, EPA issued a second
DBP NODA (EPA, 1998a) that
summarized new health effects
information received and analyzed since
the November 1997 NODA and
requested comments on several issues
related to the simultaneous compliance
with the Stage 1 DBPR and the Lead and
Copper Rule. The 1998 NODA indicated
EPA was considering increasing the
MCLG for chloroform from zero to 0.3
mg/L and the proposed MCLG for
chlorite from 0.08 mg/L to 0.8 mg/L.
EPA also requested comment on

increasing the Maximum Residual
Disinfection Level Goal (MRDLG) for
chlorine dioxide from 0.3 mg/L to 0.8
mg/L. Today’s final rule was developed
based on the outcome of the 1992 Reg.
Neg., the 1994 proposed rule, the 1997
FACA process, and both the 1997 and
1998 DBP NODASs, as well as a wide
range of technical comments from
stakeholders and members of the public.
A summary of today’s rule follows.

Il. Summary of Final Stage 1
Disinfection Byproduct Rule
A. Applicability

The final Stage 1 DBPR applies to
community water systems (CWSs) and

nontransient noncommunity water
systems (NTNCWs) that treat their water
with a chemical disinfectant for either
primary or residual treatment. In
addition, certain requirements for
chlorine dioxide apply to transient
noncommunity water systems
(TNCWSs).

B. MRDLGs and MRDLs for Disinfectants

EPA is finalizing the following
MRDLGs and maximum residual
disinfectant levels (MRDLs) for chlorine,
chloramines, and chlorine dioxide in
Table 11-1.

TABLE [I-1.—MRDLGs AND MRDLS FOR DISINFECTANTS

Disinfectant residual

MRDLG (mg/L) MRDL (mg/L)

[ 51 o T4 1o T PSP EPRN

Chloramine ...............
Chlorine Dioxide

4 (as Cly) 4.0 (as Clp)
4 (as Cly) 4.0 (as Clp)
0.8 (as ClOy) 0.8 (as ClOy)

C. MCLGs and MCLs for TTHMs, HAAS,
Chlorite, and Bromate

EPA is finalizing the MCLGs and
MCLs in Table I1-2.

TABLE |[-2.—MCLGS AND MCLS FOR DISINFECTION BYPRODUCTS

Disinfection byproducts MCLG (mg/L) | MCL (mg/L)
Total trhalomethanes (TTHM) L ... ettt ettt e et b e e e st e e e e sabe e e e abe e e e aabe e e e aabe e e e nbeeeanbbeeeasbeeeesbeeeannbeaeaan N/A 0.080
—Chloroform ........cccceeeneenn. 0
—Bromodichloromethane ...... 0
—Dibromochloromethane ...... 0.06
—Bromoform .........cceeeiiieen. 0
Haloacetic acids (five) (HAA5)2 ... N/A
—Dichloroacetic acid ............. 0
—Trichloroacetic acid ..... 0.3
Chlorite ..oceeeeveiiiieeeeeeeiiee, 0.8
12T 1= L= PP EUPT PRI 0

N/A—Not applicable because there are no individual MCLGs for TTHMs or HAAs.
1Total trihalomethanes is the sum of the concentrations of chloroform, bromodichloromethane, dibromochloromethane, and bromoform.
2Haloacetic acids (five) is the sum of the concentrations of mono-, di-, and trichloroacetic acids and mono- and dibromoacetic acids.

D. Treatment Technique for Disinfection
Byproduct Precursors

Water systems that use surface water
or ground water under the direct
influence of surface water and use

conventional filtration treatment are
required to remove specified
percentages of organic materials
(measured as total organic carbon) that
may react with disinfectants to form
DBPs as indicated in Table 11-3.

Removal will be achieved through a
treatment technique (enhanced
coagulation or enhanced softening)
unless a system meets alternative
criteria discussed in Section I11.D.

TABLE [I-3.—REQUIRED REMOVAL OF TOTAL ORGANIC CARBON BY ENHANCED COAGULATION AND ENHANCED SOFTENING
FOR SUBPART H SYSTEMS USING CONVENTIONAL TREATMENT &b.c

Source Water TOC (mg/L)

Source Water Alkalinity (mg/L as
CaCOg) (percent)

0-60 >60-120 >120
32,0740 e 35.0 25.0 15.0
S4.078.0 i e 45.0 35.0 25.0
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TABLE [I-3.—REQUIRED REMOVAL OF TOTAL ORGANIC CARBON BY ENHANCED COAGULATION AND ENHANCED SOFTENING
FOR SUBPART H SYSTEMS USING CONVENTIONAL TREATMENT &b,c—Continued

Source Water TOC (mg/L)

Source Water Alkalinity (mg/L as
CaCOg) (percent)

0-60 >60-120 >120

50.0 40.0 30.0

aSystems meeting at least one of the conditions in Section 141.135(a)(2) (i)—(vi) of the rule are not required to operate the removals in this

table.

bSoftening systems meeting one of the two alternative compliance criteria in Section 141.135(a)(3) of the rule are not required to meet the re-

movals in this table.

cSystems practicing softening must meet the TOC removal requirements in the last column to the right.

E. BAT for Disinfectants, TTHMs,
HAAJS, Chlorite, and Bromate

Under the SDWA, EPA must specify
the BAT for each MCL (or MRDL) that

is set. PWS that are unable to achieve an
MCL or MRDL may be granted a
variance if they use the BAT and meet
other requirements (see section I11.M for
a discussion of variances and

exemptions). Table 11.4 includes the
BATSs for each of the MCLs or MRDLs
that EPA is promulgating in today’s
Stage 1 DBPR.

TABLE 11-4.—BAT FOR DISINFECTANTS AND DISINFECTION BYPRODUCTS

Disinfectant/DBP

Best available technology

Disinfectants

Chilorine residual

Chloramine residual

Chlorine dioxide residual ......

Control of treatment processes to reduce disinfectant demand and control of disinfection treatment processes to
reduce disinfectant levels.
Control of treatment processes to reduce disinfectant demand and control of disinfection treatment processes to
reduce disinfectant levels.
Control of treatment processes to reduce disinfectant demand and control of disinfection treatment processes to
reduce disinfectant levels.

Disinfection Byproducts

Total trihalomethanes ...........
Total haloacetic acids ....
Chlorite

Bromate

Enhanced coagulation or enhanced softening or GAC10*, with chlorine as the primary and residual disinfectant.
Enhanced coagulation or enhanced softening or GAC10*, with chlorine as the primary and residual disinfectant.
Control of treatment processes to reduce disinfectant demand and control of disinfection treatment processes to
reduce disinfectant levels.
Control of ozone treatment process to reduce production of bromate.

*GAC10 means granular activated carbon with an empty bed contact time of 10 minutes and reactivation frequency for GAC of no more than

six months.

F. Compliance Monitoring Requirements

Compliance monitoring requirements
are explained in Section I11.H of today’s
rule. EPA has developed routine and
reduced compliance monitoring
schemes for disinfectants and DBPs to
be protective from different types of
health concerns, including acute and
long-term effects.

G. Analytical Methods

EPA has approved five methods for
measurement of free chlorine, four
methods for combined chlorine, and six
for total chlorine. EPA has also
approved two methods for the
measurement of chlorine dioxide
residuals; three methods for the
measurement of HAAS; three methods
for the measurement of TTHMs; three
methods for the measurement of TOC/
Dissolved Organic Carbon (DOC); two
methods for the monthly measurement
of chlorite and one method for the daily

monitoring of chlorite; two methods for
bromide; one method for the
measurement of bromate; and one
method for the measurement of UVzs,.
Finally, EPA approved all methods
allowed in §141.89(a) for measuring
alkalinity. These issues are discussed in
more detail in section I11.G.

H. Laboratory Certification Criteria

Consistent with other drinking water
regulations, determinations of
compliance with the MCLs may only be
conducted by certified laboratories. EPA
is requiring that analyses can be
conducted by a party acceptable to EPA
or the State in those situations where
the parameter can adequately be
measured by someone other than a
certified laboratory and for which there
is a good reason to allow analysis at
other locations (e.qg., for samples which
normally deteriorate before reaching a
certified laboratory, especially when
taken at remote locations). For a

detailed discussion of the lab
certification requirements, see section
I1.N.

I. Variances and Exemptions

Variances and exemptions will be
permitted in accordance with existing
statutory and regulatory authority. For a
detailed discussion see section I11.M.

J. State Recordkeeping, Primacy, and
Reporting Requirements

The Stage 1 DBPR requires States to
adopt several regulatory requirements,
including public notification
requirements, MCLs for DBPs, MRDLs
for disinfectants, and the requirements
in Subpart L. In addition, States are
required to adopt several special
primacy requirements for the Stage 1
DPBR. States are also required to keep
specific records in accordance with
existing regulations and additional
records specific to the Stage 1 DBPR.
Finally, the rule does not require any
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State additional reporting requirements
beyond those required under existing
regulations. These requirements are
discussed in more detail in Section Ill.L.

K. System Reporting Requirements

System are required to report
monitoring data to the State as
discussed in Section I11.K.

L. Guidance Manuals

EPA is developing guidance for both
systems and States for the
implementation of the Stage 1 DBPR
and the IESWTR. The guidance manuals
include: Guidance Manual for Enhanced
Coagulation and Precipitative Softening;
Disinfection Benchmark Guidance
Manual; Turbidity Guidance Manual;
Alternative Disinfectants and Oxidants
Guidance Manual; M/DBP Simultaneous
Compliance Manual; Sanitary Survey
Guidance Manual; Unfiltered Systems
Guidance Manual; and Uncovered
Finished Water Reservoirs. Guidance
manuals will be available after the
publication of the Stage 1 DBPR.

M. Regulation Review

Under the provisions of the SDWA
(Section 1412(b)(9)), the Agency is
required to review NPDWRs at least
once every six years. As mentioned
previously, today’s final rule revises,
updates, and supersedes the regulations
for total trihalomethanes, initially
published in 1979. Since that time,
there have been significant changes in
technology, treatment techniques, and
other regulatory controls that provide
for greater protection of human health.
As such, for today’s rule, EPA has
analyzed innovations and changes in
technology and treatment techniques
that have occurred since promulgation
of the interim TTHM regulations. That
analysis, contained primarily in the cost
and technology document supporting
this rule, supports the changes in the
Stage 1 DBPR from the 1979 TTHM rule.
EPA believes that the innovations and
changes in technology and treatment
techniques that result in changes to the
1979 TTHM regulations are feasible
within the meaning of SDWA Section
1412(b).

111. Explanation of Final Rule

A. MCLGs/MRDLGs

MCLGs are set at levels at which no
known or anticipated adverse health
effects occur, allowing for an adequate
margin of safety. Establishment of an
MCLG for each specific contaminant is
based on the available evidence of
carcinogenicity or noncancer adverse
health effects from drinking water
exposure using EPA’s guidelines for risk
assessment (see the proposed rule at 59

FR 38677 for a detailed discussion of
the process for establishing MCLGs).

The final Stage 1 DBPR contains
MCLGs for: four THMs (chloroform,
bromodichloromethane,
dibromochloromethane, and
bromoform); two haloacetic acids
(dichloroacetic acid and trichloroacetic
acid); bromate; and chlorite (see table
11-2 for final MCLG levels). These
MCLGs are the same as those proposed
in 1994 with the exception of chlorite,
which increased from 0.08 mg/L to 0.8
mg/L. The MCLG for chloral hydrate has
been dropped since EPA has concluded
that it will be controlled by the MCLs
for TTHM and HAAGS and the enhanced
coagulation treatment technique.

The final Stage 1 DBPR contains
MRDLGs for chlorine, chloramines and
chlorine dioxide (see table I1-1 for final
MRDLG levels). The MRDLGs are as the
same as those proposed in 1994, with
the exception of chlorine dioxide,
which increased from 0.3 mg/L to 0.8
mg/L.

The MRDLG concept was introduced
in the proposed rule for disinfectants to
reflect the fact that these substances
have beneficial disinfection properties.
As with MCLGs, MRDLGs are
established at the level at which no
known or anticipated adverse effects on
the health of persons occur and which
allows an adequate margin of safety.
MRDLGs are nonenforceable health
goals based only on health effects and
exposure information and do not reflect
the benefit of the addition of the
chemical for control for waterborne
microbial contaminants. By using the
term “‘residual disinfectant” in lieu of
“‘contaminant”, EPA intends to avoid
situations in which treatment plant
operators are reluctant to apply
disinfectant dosages above the MRDLG
during short periods of time to control
for microbial risk.

EPA received numerous comments on
the use of the term MRDLG. The
majority of commenters agreed that the
term MRDLG was appropriate to use in
place of MCLG for disinfectants. Other
commenters agreed, but felt that the
language should more strongly reflect
that disinfectants are necessary and that
short-term exposure to elevated levels of
the disinfectants is not a health concern.
Some commenters suggested that
MRDLGs be extended to ozone,
potassium permanganate and iodine.

In response, EPA agrees with the
majority of commenters that the use of
the term MRDLG is appropriate and
therefore the final rule retains this term.
EPA believes the language on the
importance of disinfectants is adequate
in the rule and thus has not changed
this language. EPA does not agree that

the potential health effects from short-
term exposure to elevated levels of
disinfectants can be dismissed. Ozone
does not require an MRDLG because it
reacts so completely that it does not
occur in water delivered to consumers.
Finally, EPA believes the use of the
MRDLGs for other disinfectants or
oxidants would not be appropriate since
MRDLGs are developed for regulated
compounds controlled by MRDLs or
treatment techniques and EPA does not
allow these compounds to be used to
demonstrate compliance with
disinfection requirements.

The information EPA relied on to
establish the MCLGs and MRDLGs was
described in the 1994 proposal (EPA,
1994a), the 1997 DBP NODA (EPA,
1997b), and the 1998 NODA (EPA,
1998a). Criteria and assessment
documents to support the MCLGs and
MRDLGs are included in the docket
(EPA, 1993a; EPA, 1994 d-h; EPA,
1997c; EPA, 1998 b—f; and EPA, 1998p).
A summary of the occurrence and
exposure information for this rule are
detailed in “Occurrence Assessment for
Disinfectants and Disinfection
Byproducts in Public Drinking Water
Supplies’ (EPA, 1998u). The discussion
of the data used to establish the MCLGs
and MRDLGs and a summary of the
major public comments for these
chemicals are included below. A more
detailed discussion is included below
for chloroform, DCA, chlorite, chloride
dioxide, and bromate than the other
disinfectants and DBPs. This is the case
because significant new data has
become available since the 1994
proposal for these four DBPs and one
disinfectant.

1. MCLG for Chloroform

a. Today’s Rule. After careful
consideration of all public comments,
EPA has concluded at this time to
promulgate an MCLG for chloroform of
zero as proposed. This conclusion
reflects an interim risk-management
decision on the part of the Agency. The
Agency recognizes the strength of the
science in support of a non-linear
approach for estimating carcinogenicity
of chloroform. EPA received public
comments that questioned the
underlying basis and approach used to
reach the science judgment that the
mode of chloroform’s carcinogenic
action supports a nonlinear approach.
Equally important are the policy and
regulatory issues raised by stakeholders
that touch on this issue. EPA believes
that it is essential to pursue a further
dialogue with stakeholders on the issues
raised in the public comments before
applying the substantial new data and
science on the mode of carcinogenic
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action discussed in the 1998 NODA to
the important decision of moving to a
non-linear cancer extrapolation
approach for drinking water
contaminants under the SDWA.
Moreover, EPA will complete additional
deliberations with the Agency’s Science
Advisory Board (SAB) (open to
stakeholder presentations to the SAB)
on the analytical approach used to
evaluate and reach conclusions on mode
of action data, and the science basis for
the mode of carcinogenic action for
chloroform.

In evaluating how to proceed in the
development of an MCLG for
chloroform, the Agency believes two
additional factors must be taken into
consideration. First, as part of the 1996
SDWA amendments, Congress
mandated that the Stage 1 DBPR rule be
promulgated by November 1998. EPA
has concluded that it would be
impossible to complete the additional
deliberations noted above in time to
meet this statutory deadline. Second, as
explained below, the Agency has also
completed analysis indicating that
regardless of whether the MCLG is
based on a low-dose linear or non-linear
extrapolation approach, the MCL
enforceable standard for TTHMs of 0.08
mg/L will not be affected. In light of
these issues, EPA believes it is
appropriate and consistent with the
public health goals of the SDWA to
establish a zero MCLG for chloroform
based on a linear default extrapolation
approach until the Agency is able to
complete additional deliberations with
the Agency’s SAB on the analytical
approach used to evaluate and reach
conclusions on mode of action data and
the science basis for the mode of
carcinogenic action for chloroform, and
complete the process of further public
dialogue on the important question of
moving to a non-linear cancer
extrapolation approach. EPA also notes
that its approach is consistent with
legislative history of the SDWA (see 56
FR 3533—EPA, 1991) and the 1996
SDWA Amendments.

b. Background and Analysis. As part
of its 1994 Stage 1 DBP proposal (EPA,
1994a), EPA requested comment on a
zero MCLG for chloroform. This was
consistent with information provided to
the 1992 Reg. Neg. Committee and was
based on data from a drinking water
study by Jorgensen et al. (1985)
indicating an increase of kidney tumors
in male rats in a dose-related manner.
However, at the time of the proposal
there was insufficient data to determine
the mode of carcinogenic action for
chloroform. Therefore, EPA based its

1994 proposal on a risk management
decision that a presumptive or low-dose
linear default (i.e, MCLG of zero) was
appropriate until more research became
available and there was an adequate
opportunity to work with stakeholders
and the scientific community to
evaluate and assess the technical as well
as policy and regulatory implications of
such new information. The 1994
proposal also reflected the Agency’s
1986 Guidelines for Carcinogen Risk
Assessment (EPA, 1986) which
recommended reliance on the default
assumption of low-dose linearity in the
absence of substantial information on
the mechanism of carcinogenicity.

Since the 1994 proposal, over 30
toxicological studies have been
published on chloroform. These studies
were discussed in the November 1997
Stage 1 DBP NODA (EPA, 1997b). In
addition, EPA published a second DBP
NODA in March 1998 (EPA, 1998a)
which discussed recommendations and
findings from a 1997 International Life
Sciences Institute project (ILSI, 1997),
co-sponsored by EPA, on the cancer
assessment for chloroform. The ILSI
project included the analysis and
conclusions from an expert panel which
was convened and charged with
reviewing the available database
relevant to the carcinogenicity of
chloroform, and considering how end
points related to mode of action can be
applied in hazard and dose-response
assessment by using guidance provided
by the EPA’s 1996 Proposed Guidelines
for Carcinogen Assessment (EPA,
1996b). The panel was made up of 10
internationally recognized scientists
from academia, industry, government,
and the private sector. Based on a
consideration of the ILSI panel findings
and an assessment of new data on
chloroform since 1994, EPA requested
comment in the 1998 NODA on the
Agency’s science conclusion that
chloroform is a likely human carcinogen
and that available scientific analysis
supports a non-linear mode of action for
estimating the carcinogenic risk
associated with lifetime exposure from
ingesting drinking water.

As part of the 1998 NODA, EPA also
requested comment on a revised
chloroform MCLG of 0.30 mg/L. The
revised MCLG was premised on the
substantial new science noted above
that supports a non-linear mode of
action. In calculating the specific
MCLG, EPA relied upon data relating to
hepatoxicity in dogs (EPA, 1994a). This
hepatoxicity endpoint was deemed
appropriate given that hepatic injury is
the primary effect following chloroform

exposure; and that an MCLG based on
protection against liver toxicity should
be protective against carcinogenicity
given that the putative mode of action
understanding for chloroform involves
cytotoxicity as a key event preceding
tumor development. The MCLG of 0.3
mg/L was calculated using a relative
source contribution (RSC) of 80 percent.
The RSC of 80 percent was based on the
assumption that most exposure to
chloroform is likely to come from
ingestion of drinking water. The 80
percent assumption for the RSC was
consistent with the calculations used to
derive the MCLGs for D/DBPs in the
1994 proposal. Based on information
received during the public comment
period for the 1998 NODA, EPA is
considering revising its estimate of the
RSC for chloroform as discussed below.

Since the 1998 NODA, EPA has
reevaluated elements of the analysis
underlying a revised MCLG of 0.30 mg/
L. Considering recent information not
fully analyzed as part of the 1998
NODA, the Agency is considering
revising the assumption of an 80% RSC
from ingestion of drinking water in view
of data which indicates that exposure to
chloroform via inhalation and dermal
exposure may potentially contribute a
substantial percentage of the overall
exposure to chloroform depending on
the activity patterns of individuals.
Also, EPA is in the process of
developing a policy for incorporating
inhalation and dermal exposure into the
derivation of the RSC. Furthermore,
there is considerable uncertainty
regarding the potential exposure to
chloroform via the dietary route and
there is information which indicates
individuals who are frequent swimmers
may receive a large amount of
chloroform during swimming. There are
additional uncertainties regarding other
possible highly exposed sub-
populations, e.g., from use of
humidifiers, hot-tubs, and outdoor
misters. In conclusion, because there
may be a potential for exposure to
chloroform from other routes of
exposure than ingestion of drinking
water, EPA is considering using the 20
percent default floor to ensure adequate
public health protection. The 20 percent
has been used historically for drinking
water contaminants other than D/DBPs
when there is uncertainty in the
available exposure data. The use of the
20 percent RSC for chloroform would
produce a MCLG of 0.07 mg/L:
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MCLG for chloroform =

In addition to its reassessment of
technical assumptions underlying the
revised MCLG, the Agency has also
reviewed and carefully considered in
detail a number of significant comments
on the 1998 NODA.. These comments
reflect both substantial scientific
support as well as significant concerns
with a possible MCLG of 0.30 mg/L. As
outlined in more detail below, a number
of nationally recognized scientific
experts strongly affirmed the data and
technical rationale for relying upon a
non-linear mode of action for
chloroform. Other commenters,
however, highlighted several scientific
issues they felt were not adequately
considered. These commenters also
emphasized their concern that the
policy, regulatory, and enforcement
implications related to a revised MCLG
were not raised by EPA in either the
1992 or the 1997 regulatory negotiation
processes leading up to today’s final
rule. Thus, these commenters felt that a
number of stakeholders who
recommended support for components
of the Stage 1 DBPR rule did so under
one set of conditions and assumptions
that the Agency subsequently changed
without providing a sufficient
opportunity for further debate and
discussion.

EPA believes that an adequate
opportunity for notice and comment
was provided as a result of the 1997 and
1998 DBP NODASs on the underlying
scientific data and technical issue of
moving to a non-linear extrapolation
approach based on an understanding of
the mode of carcinogenic action for
chloroform and recalculating the
chloroform MCLG to a nonzero number.
However, the Agency recognizes that
reliance on a non-linear mode of action
under the SDWA does represent a
significant and precedential, albeit
sound, application of new science to the
policy development and risk
management decision making process of
establishing appropriately protective
MCLGs. The Agency also recognizes
that although, as discussed below, a
revised MCLG for chloroform would not
affect the TTHM MCL under today’s
rule, the precedential decision to utilize
a non-linear cancer extrapolation
approach clearly has important
implications for the development of
future MCLGs where there is also
adequate scientific research and data to
support such a non-linear analysis.

In reviewing the range of scientific,
policy, and regulatory analyses and

0.01 mg/kg/d x 70 kg x 0.2
2L/d

strongly held views associated with
development of the chloroform MCLG,
EPA notes that the one question not
fundamentally at issue is the
establishment of the 0.080 mg/L TTHM
MCL. The majority of commenters who
addressed the proposed TTHM MCL
continue to support it. This is
particularly important to EPA in light of
congressional action with regard to the
M-DBP process in the 1996 SDWA
Amendments. In enacting the
Amendments and particularly in
expressing congressional intent in the
conference Report, Congress was careful
to emphasize “that the new provisions
of this conference agreement not
conflict with the parties’ agreement nor
disrupt the implementation of the
regulatory actions,” (such as the current
agreement on an TTHM MCL of 0.080
mg/L). Both of these important elements
of the Congressional intent were
reflected in the statutory text. Section
1412(b)(2)(C) requires EPA to maintain
the M—DBP rule staggered promulgation
strategy agreed to by the negotiated
rulemaking; and Section 1412(b)(6)(C)
exempted the future M—DBP rules from
the new cost-benefit standard-setting
provision (1412(b)(6)(A)) but not from
the new risk-risk provision (1412(b)(5)),
because the latter was a part of the
negotiated rulemaking agreement but
the former was not.

The Agency, itself, also believes that
the underlying logic, data, and rationale
supporting establishment of a TTHM of
0.080 mg/L MCL is compelling, and this
is a critical factor in the Agency’s
chloroform MCLG decision under
today’s rule. Under either a low-dose
linear or non-linear extrapolation to
derive the MCLG, the final TTHM MCL
remains unaffected.

After thorough review of the data and
comments, EPA believes the nonlinear
cancer extrapolation approach is the
most appropriate means to establish an
MCLG for chloroform based on
carcinogenic risk. However, in light of
its own reconsideration of the
appropriate RSC for chloroform under
such an approach, considering the range
of policy, regulatory, and enforcement
issues raised as part of the public
comment period, recognizing the
importance of deliberations with SAB
before proceeding further and, yet,
recognizing that this cannot be
accomplished within the constraints of
meeting the statutory deadline for Stage
1 DBPR rule of November 1998, EPA has
determined that on balance the more

=0.07 mg/L

appropriate and prudent risk
management decision at this time is to
establish an MCLG for chloroform at the
proposed presumptive default level of
zero. As part of this decision, the
Agency will complete additional
deliberations with the Agency’s SAB on
the analytical approach used to evaluate
and reach conclusions on mode of
action data, and the science basis for the
mode of carcinogenic action for
chloroform. The SAB’s review will be
factored into the Agency’s Stage 2 DBP
rulemaking process. EPA will also
include consideration of the regulatory,
policy, and precedential issues
involving chloroform in the Agency’s
Round 2 M-BP stakeholder process.
EPA wishes to make clear that its
interim decision in today’s rule to set an
MCLG of zero pending SAB review and
further stakeholder involvement is not
intended to prejudge the question of
what the appropriate MCLG should be
for purposes of regulatory decisions
under the Stage 2 DBPR. EPA may
decide to retain the zero MCLG for that
rule, or to revise it, depending on the
outcome of the SAB review, as well as
any new scientific evidence that may
become available. In regard to the
appropriate RSC factor, in case a non-
linear approach should ultimately be
adopted, the Agency requests that
stakeholders provide any data they man
have bearing on this determination.

The fundamental objective of the
SDWA is to establish protective public
health goals (MCLGs) together with
enforceable standards (MCLs or
treatment techniques) to move the water
treatment systems as close to the public
health goal as is technologically and
economically feasible. In the case of the
chloroform and TTHMs, this objective is
met with whichever extrapolation
approach (low dose linear versus
nonlinear) is relied upon.

¢. Summary of Comments. EPA
received numerous comments on both
the 1994 proposed rule regarding the
MCLG of zero for chloroform and the
MCLG of 0.3 mg/L contained in the
1998 NODA. Some commenters were
supportive of the MCLG of zero, while
others were supportive of the 0.3 mg/L
MCLG. The major reason raised by
commenters for establishing a nonzero
MCLG (e.g., 0.3 mg/L) was that there
was convincing scientific evidence to
conclude that a nonlinear margin of
exposure approach for evaluating the
carcinogenic risk from chloroform is
warranted. Commenters who were
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against establishing a nonzero MCLG for
chloroform presented policy and
scientific concerns. Scientific concerns
raised by commenters opposed to the
nonzero MCLG included their
perceptions that: there is insufficient
scientific evidence of a threshold for
chloroform; the threshold assumption is
also invalid because chloroform co-
occurs with other mutagenic
carcinogens; EPA ignored human data
in establishing the MCLG for
chloroform; the linkage between
cytotoxicity and regenerative
proliferation and kidney tumors is not
supported by the data; and the evidence
for genotoxicity is mixed and it would
be difficult if not impossible to
conclude that the evidence demonstrate
chloroform has no direct effect on DNA.
As detailed at greater length in the
docket, EPA does not agree with these
comments as a technical matter. The
Agency does agree with the commenters
view that further discussion of these
issues with both the SAB and as part of
additional public dialogue is
appropriate.

The policy issues raised by
commenters included their belief that: a
zero MCLG is required to comply with
provisions of the SDWA,; EPA is
required to use the 1986 Cancer
Guidelines (EPA, 1986) until the 1996
Cancer Guidelines (EPA, 1996b) are
formally finalized, and under the 1986
guidelines the MCLG for chloroform
must be set at zero; EPA did not provide
sufficient opportunity for the members
of the FACA, established to assist in the
development of the Stage 1 DBP rule, to
properly consider the potential
implications of a nonzero MCLG; and
setting a MCLG for chloroform (0.3 mg/
L) above the MCL for the TTHMs (0.08
mg/L) is illogical.

In response, EPA believes that the
underlying science for using a nonlinear
extrapolation approach to evaluate the
carcinogenic risk from chloroform is
well founded. As explained above,
because of the issues raised during the
public comment period, EPA believes
additional review and dialogue with
stakeholders is needed prior to
departing from a long-held EPA policy
of establishing zero MCLGs for known
or probable carcinogens. EPA will also
complete additional deliberations with
the Agency’s SAB on the analytical
approach used to evaluate and reach
conclusions on mode of action data, and
the science basis for the mode of
carcinogenic action for chloroform.

In response to the policy issues raised
by commenters, EPA, historically, has
established MCLGs of zero for known or
probable human carcinogens based on
the principle that any exposure to

carcinogens might represent some finite
level of risk and therefore an MCLG
above zero did not meet the statutory
requirement that the goal be set where
no known anticipated adverse effects
occur, allowing for an adequate margin
of safety (56 FR 3533; EPA, 1991).
However, if there is scientific evidence
that indicates there is a *‘safe threshold”
then a non-zero MCLG could be
established with an adequate margin of
safety (56 FR 3533; EPA, 1991)). Even
though EPA, as an interim matter, is
establishing an MCLG of zero for
chloroform in today’s rule, it believes it
has the authority to establish nonzero
MCLGs for carcinogens if the scientific
evidence supports this finding.

In response to commenter’s concerns
with EPA using the proposed 1996
Guidelines for Carcinogen Risk
Assessment (EPA, 1996b) instead of the
Agency’s 1986 guidelines, EPA believes
it is important to point out that the 1986
guidelines provide for departures from
default assumptions such as low dose
linear assessment. For example, the
1986 EPA guidelines reflect the position
of the OSTP (1985; Principle 26) ‘““No
single mathematical procedure is
recognized as the most appropriate for
low-dose extrapolation in
carcinogenesis. When relevant
biological evidence on mechanisms of
action exists (e.g, pharmacokinetics,
target organ dose), the models or
procedure employed should be
consistent with the evidence.” The 1986
guideline goes on to further state “The
Agency will review each assessment as
to the evidence on carcinogenesis
mechanisms and other biological or
statistical evidence that indicates the
suitability of a particular extrapolation
model.” The EPA’s 1996 Proposed
Guidelines for Carcinogen Risk
Assessment allow EPA to use other
default approaches to estimate cancer
risk than the historic, linearized
multistage default when there is an
understanding of an agent’s mode of
carcinogenic action. EPA believes that
reliance on the 1986 guidance allows
EPA to reach the same conclusion on
the carcinogenic risk from chloroform as
if the 1996 guidelines were used. The
use of the best available science is a core
EPA principle and is statutorily
mandated by the SDWA amendments of
1996. The 1996 Proposed Guidelines for
Carcinogen Risk Assessment reflect new
science and are consistent with the
existing 1986 Guidelines for Carcinogen
Risk Assessment. EPA considered the
1996 proposed guidelines in assessing
the health effects data for chloroform
and the other contaminants discussed in
the 1998 March NODA.

EPA agrees with commenters that
additional review by the FACA of the
regulatory implications of a nonlinear
approach is appropriate for policy
reasons, and will initiate these
discussions in the context of the Stage
2 DBPR FACA deliberations. In light of
the November 1998 statutory deadline
to promulgate the Stage 1 DBP rule and
the steps necessary to complete a final
rule, EPA has concluded that there is
not enough time to meet with the SAB
and FACA, provide ample opportunity
for debate, resolve differing points of
views, and complete additional analysis
to meet stakeholders policy concerns in
the context of the Stage 1 DBP rule. EPA
notes, however, that regardless of the
MCLG for chloroform, the MCL for the
THMs remains at 0.08 mg/L. Since the
MCL is the enforceable standard that
water systems will be required to meet,
a nonlinear or low dose linear
extrapolation to derive the MCLG will
not have a direct impact on the
compliance obligations of public water
systems or on the levels of chloroform
allowed in public water systems,
although it may be relevant to
development of enforceable regulatory
limits established under future rules.

2. MCLG for Bromodichloromethane
(BDCM)

a. Today’s Rule. The final MCLG for
BDCM is zero. The zero MCLG is based
on the classification of BDCM as a
probable human carcinogen. The MCLG
was determined in a weight-of-evidence
evaluation which considered all
relevant health data including
carcinogenicity and reproductive and
developmental toxicity animal data.
EPA believes the data are insufficient at
this time to determine the mode of
carcinogenic action for BDCM, and
therefore a low dose linear extrapolation
approach is used to estimate lifetime
cancer risk as a default.

b. Background and Analysis. In the
1994 Stage 1 DBPR proposal, the MCLG
of zero for BDCM was based on large
intestine and kidney tumor data from a
National Toxicology Program (NTP)
chronic animal study (NTP, 1987). Since
the proposal, several new studies have
been published on BDCM metabolism
(EPA, 1997c). In addition, several new
genotoxicity studies and short-term
toxicity studies including reproductive
evaluations were found for BDCM (EPA,
1997c). These new studies contribute to
the weight-of-evidence conclusions
reached in the 1994 proposal. Based on
this evidence, the final MCLG for BDCM
is zero based on sufficient evidence of
carcinogenicity in animals.

¢. Summary of Comments. Several
commenters disagreed with the use of a
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corn oil gavage animal cancer study to
determine the MCLG for BDCM. Some
commenters agreed with the EPA
decision to use large intestine and
kidney tumor data from the corn oil
gavage study, but not liver tumor data

in the quantitative estimation of
carcinogenic risk. One commenter
agreed that a low-dose linear
extrapolation approach to dose-response
assessment was appropriate at this time
and consistent with EPA policy.
However, this commenter suggested that
EPA undertake chronic studies that
include a drinking water study of BDCM
and toxicokinetics. One commenter
disagreed with the EPA conclusion that
the evidence on the mutagenicity of
BDCM is adequate.

In response, EPA agrees with
commenters that a drinking water study
is preferable to a corn oil gavage study
to assess risk from DBPs in drinking
water. However, the NTP corn oil
gavage study is the best data available
on BDCM for a quantitative risk
estimation at this time. BDCM is
currently being tested for toxicokinetics
and cancer in a chronic BDCM drinking
water rodent study by the NTP. When
these data are available, EPA will
reassess the cancer risk of BDCM. EPA
believes that the animal data currently
available on BDCM are consistent with
EPA cancer guidelines on classifying
BDCM as a probable human carcinogen
given the evidence on mutagenicity and
given there was an increased incidence
of tumors at several sites in the animals.
Additionally, tumors were found in
both sexes of two rodent species.
Finally, there have been several new
studies on the genotoxicity of BDCM
that have supported a mutagenic
potential for BDCM (EPA, 1997c)

3. MCLG for Dibromochloromethane
(DBCM)

a. Today’s Rule. The final MCLG for
DBCM is 0.06 mg/L. This MCLG is
based on a weight of evidence
evaluation of the cancer and noncancer
data which resulted in the classification
of DBCM as a possible human
carcinogen.

b. Background and Analysis. In the
1994 proposal, the MCLG of 0.06 mg/L
for DBCM was based on observed liver
toxicity from a subchronic study and
possible carcinogenicity (NTP, 1985).
EPA is not aware of any new
information that would change its
evaluation of DBCM since the proposal.
The final MCLG is therefore 0.06 mg/L.

¢. Summary of Comments. Several
commenters disagreed with the
additional safety factor of 10 to account
for possible carcinogenicity that was
used in the MCLG calculation. One

commenter agreed with EPA’s decision
to base the MCLG on noncarcinogenic
endpoints. Several commenters
disagreed with the use of a corn oil
gavage study to determine the MCLG for
DBCM.

In response, because the evidence of
carcinogenicity was limited on DBCM
(i.e., increased tumor response in only
one of the two species tested), EPA
classified DBCM as a possible human
carcinogen. The additional factor of 10
to account for possible carcinogenicity
follows EPA’s science policy for
establishing MCLGs (EPA, 1994a). EPA
used liver effects from the NTP
subchronic corn oil gavage study as the
basis for the Reference Dose (RfD). EPA
agrees with the comment that this is an
appropriate basis for deriving the RfD
for DBCM. EPA agrees with commenters
that a drinking water study is preferable
to a corn oil gavage study to assess risk
from DBPs in drinking water. However,
the NTP corn oil gavage study is the best
data available on DBCM for derivation
of the MCLG at this time. EPA does not
plan to conduct additional chronic
studies for DBCM but is conducting
additional toxicokinetics and short term
drinking water studies on DBCM to
better understand the potential risk
associated with exposure through
drinking water.

4. MCLG for Bromoform

a. Today’s Rule. The final MCLG for
bromoform is zero. The zero MCLG is
based on a weight-of-evidence
classification that bromoform is a
probable human carcinogen based on a
consideration of all relevant health data
including cancer and noncancer effects.
EPA believes the data are insufficient at
this time to determine the mode of
carcinogenic action for bromoform, and
therefore a low dose linear extrapolation
approach is used to estimate lifetime
cancer risk as a default.

b. Background and Analysis. The
proposed MCLG for bromoform was
zero. This MCLG was based on an NTP
chronic animal carcinogenicity study
(NTP, 1989). Since the proposal, new
studies on the genotoxicity of
bromoform were found. However, these
new studies do not support changing
the proposed MCLG of zero for
bromoform. The final MCLG for
bromoform is therefore zero.

c. Summary of Comments. Several
commenters agreed with EPA’s
classification for bromoform as a
probable carcinogen. Other commenters
disagreed with this classification stating
that there was insufficient evidence
available because tumors were found in
only one species and the increased
number of tumors was small. These

commenters generally felt that EPA
should use an RfD approach in
quantifying the risk for bromoform.
Some commenters encouraged EPA to
conduct more experiments on
bromoform toxicity. Some commenters
were concerned with the use of a corn
oil gavage study to determine
carcinogenic risk.

In response, although the increase in
tumors was small, the increase was
considered significant because large
intestine tumors in both male and
female rats are rare and thus provides
sufficient evidence to classify
bromoform as a probable human
carcinogen. EPA does not plan on
conducting additional chronic testing
for bromoform at this time, but is
conducting toxicokinetic studies and
shorter term drinking water studies to
better understand the potential risk
associated with exposure to bromoform
in drinking water. EPA agrees with
commenters that drinking water studies
are preferable to a corn oil gavage study
to assess risk from DBPs in drinking
water. However, the NTP corn oil
gavage study is the best data available
on bromoform for derivation of the
MCLG.

5. MCLG for Dichloroacetic Acid (DCA)

a. Today’s Rule. The final MCLG for
DCA is zero. EPA has developed a
weight-of-evidence characterization for
DCA in which it evaluated all relevant
health data (both cancer and noncancer
effects). The MCLG of zero is based on
sufficient evidence of carcinogenicity in
animals which indicates that DCA is a
probable human carcinogen (likely
under proposed cancer guidelines). EPA
believes the data are insufficient at this
time to determine the mode of
carcinogenic action for DCA and that
the data is insufficient to quantify the
potential cancer risk from DCA.

b. Background and Analysis. EPA
proposed an MCLG of zero for DCA.
This was based on classifying DCA as a
probable human carcinogen in
accordance with the 1986 EPA
Guidelines for Carcinogen Risk
Assessment (EPA, 1986). The DCA
categorization was based primarily on
findings of liver tumors in rats and
mice, which was regarded as
“sufficient” evidence in animals. No
lifetime risk calculation was conducted
at the time of the proposal because there
was insufficient data to quantify the risk
(EPA, 1994a).

As pointed out in the 1997 and 1998
DBP NODAs, several toxicological
studies have been identified for DCA
since the 1994 proposal (EPA, 1997c). In
addition, EPA co-sponsored an ILSI
project in which an expert panel was
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convened to explore the application of
the EPA’s 1996 Proposed Guidelines for
Carcinogen Risk Assessment (EPA,
1996b) to the available data on the
potential carcinogenicity of chloroform
and DCA. The panel considered data on
DCA which included chronic rodent
bioassay data and information on
mutagenicity, tissue toxicity,
toxicokinetics, and other mode of action
information. The panel concluded that
the potential human carcinogenicity of
DCA ‘““cannot be determined” primarily
because of the lack of adequate rodent
bioassay data (ILSI, 1997).

EPA prepared a new hazard
characterization regarding the potential
carcinogenicity of DCA in humans
(EPA, 1998b). One objective of this
report was to develop a weight-of-
evidence characterization using the
principles of the EPA’s 1996 Proposed
Guidelines for Carcinogen Risk
Assessment (EPA, 1996b) which are
consistent with the 1986 Guidelines.
Another objective of the report was to
consider new data since the 1994
proposal and to address the issues
raised by the 1997 ILSI panel report.

EPA agreed with the ILSI panel report
that the mode of action through which
DCA induces liver tumors in both rats
and mice cannot be reasonably
determined at this time. EPA disagrees
with the ILSI panel that the potential
human carcinogenicity cannot be
determined. Based on the
hepatocarcinogenic effects of DCA in
both rats and mice in multiple studies,
as well as other date, for example,
showing that DCA alters cell replication
and gene expression, EPA concludes
that DCA should be considered as a
“likely” (probable) cancer hazard to
humans (EPA, 1998b). Therefore, as in
the 1994 proposed rule, EPA believes
that the MCLG for DCA should remain
zero to assure public health protection.

¢. Summary of Comments. Some
commenters agreed with the zero MCLG
for DCA based on positive carcinogenic
findings in two animal species. Several
commenters stated that a zero MCLG
was inappropriate due to evidence
which indicates a nongenotoxic mode of
action for DCA. The comment was
raised that the animal evidence was
insufficient to consider DCA a likely
(probable) human carcinogen, and that
DCA should be considered at most
suggestive of carcinogenicity.

In response, EPA concludes that DCA
should be considered as a probable
(likely under the 1996 proposed
guidelines) cancer hazard to humans
(EPA, 1998b) based on the
hepatocarcinogenic effects of DCA in
both rats and mice in multiple studies,
and mode of action related effects (e.g.,

mutational spectra in oncogenes,
elevated serum glucocorticoid levels,
alterations in cell replication and
death). EPA considers the mode of
action through which DCA induces liver
tumors in both rats and mice to be
unclear, and thus the likelihood of
human hazard associated with low
levels of DCA usually encountered in
the environment or in drinking water is
not sufficiently understood. EPA
acknowledges that a mutagenic
mechanism (i.e., direct DNA reactivity)
may not be an important influence on
the carcinogenic process at low doses.
EPA believes that the lack of
mutagenicity is not a sufficient basis to
depart from a low dose linear default
extrapolation approach for the cancer
assessment. There must be other
convincing evidence to explain how the
tumors are caused by the chemical. The
commenters have not presented such
evidence. Although DCA tumor effects
are associated with high doses used in
the rodent bioassays, there is
uncertainty regarding whether the mode
of tumorgenesis is solely through
mechanisms that are operative only at
high doses. Therefore, as in the 1994
proposed rule, EPA believes that the
MCLG for DCA should remain as zero to
assure public health protection. NTP is
implementing a new two year rodent
bioassay that will include full
histopathology at lower doses than
those previously studied. Additionally,
studies on the mode of carcinogenic
action are being done by various
investigators including the EPA health
research laboratory.

6. MCLG for Trichloroacetic Acid (TCA)

a. Today’s Rule. The final MCLG for
TCA is 0.3 mg/L, as was proposed in
1994. This MCLG is based on
developmental toxicity and limited
evidence of carcinogenicity in animals.

b. Background and Analysis. The
1994 proposed rule included a MCLG of
0.3 mg/L for TCA based on
developmental toxicity and possible
carcinogenicity based on limited
evidence in animal studies (i.e.,
hepatocarcinogenicity in mice). Since
the proposal, a 2-year carcinogenicity
study on TCA (DeAngelo et al., 1997)
found that TCA was not carcinogenic in
male rats. As was discussed in the 1997
DBP NODA (EPA, 1997b), there have
also been several recent studies
examining the mode of carcinogenic
action for TCA. These new studies
suggest that TCA does not operate via
mutagenic mechanisms. For a more in
depth discussion of this new data refer
to the 1997 DBP NODA (EPA, 1997b)
and related support documents (EPA,
1997¢). This new information does not

alter the original assessment of the
health effects of TCA based on
developmental toxicity and limited
evidence of carcinogenicity. Therefore,
the MCLG will remain 0.3 mg/L.

¢. Summary of Comments. Several
commenters agreed with the
classification of TCA as a possible
human carcinogen. One commenter felt
that toxicity data on TCA indicated a
threshold. Some commenters disagreed
with the study selected for estimating
the RfD (Smith et al. 1989). Some
commenters stated the uncertainty
factors used to establish the RfD were
too high.

In response, EPA acknowledges that a
DNA reactive mutagenic mechanism
may not be involved in TCA’s mode of
carcinogenicity. Because an RfD was
used in lieu of a quantitative cancer
assessment for establishing the MCLG,
however, there was no need to evaluate
the mode of carcinogenic action for TCA
at this time. EPA believes that the Smith
et al. (1989) study is appropriate to use
in quantifying risk from TCA since
developmental toxicity was the most
critical effect. EPA believes that an
uncertainty factor of 3,000 is
appropriate to account for inter and
intraspecies differences (100), a lowest
observed adverse effects level (LOAEL)
(10), and lack of a two-generation
reproductive study (3) (EPA, 1994a).
These uncertainty factors are consistent
with current Agency science policy on
using uncertainty factors (EPA, 1994a).

7. MCLG for Chlorite and MRDLG for
Chlorine Dioxide

a. Today’s Rule. The final MCLG for
chlorite is 0.8 mg/L and the final
MRDLG for chlorine dioxide is 0.8 mg/
L. The MCLG for chlorite was increased
from the proposed value of 0.08 mg/L to
0.8 mg/L based on a weight-of-evidence
evaluation of all health data on chlorite
including a recent two-generation
reproductive rat study sponsored by the
Chemical Manufactures Association
(CMA, 1996). The MRDLG for chlorine
dioxide was increased from the
proposed value of 0.3 mg/L to 0.8 mg/

L based on a weight-of-evidence
evaluation using all the health data on
chlorine dioxide including the
information on chlorite from the CMA
study. EPA believes that data on chlorite
are relevant to assessing the risks of
chlorine dioxide because chlorine
dioxide is rapidly reduced to chlorite.
Therefore, the findings from the CMA
study and previously described studies
in the 1994 proposal were used to assess
the risk for both chlorite and chlorine
dioxide.

b. Background and Analysis. The
1994 proposal included an MCLG of
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0.08 mg/L for chlorite. The proposed
MCLG was based on an RfD of 3 mg/kg/
d estimated from a lowest-observed-
adverse-effect-level (LOAEL) for
neurodevelopmental effects identified
in a rat study by Mobley et al. (1990).
This determination was based on a
weight of evidence evaluation of all the
available data at that time (EPA, 1994d).
An uncertainty factor of 1000 was used
to account for inter-and intra-species
differences in response to toxicity (a
factor of 100) and to account for use of
a LOAEL (a factor of 10).

The 1994 proposal included an
MRDLG of 0.3 mg/L for chlorine
dioxide. The proposed MRDLG was
based on a RfD of 3 mg/kg/d estimated
from a no-observed-adverse-effect-level
(NOAEL) for developmental
neurotoxicity identified from a rat study
(Orme et al., 1985; EPA, 1994d). This
determination was based on a weight of
evidence evaluation of all available
health data at that time (EPA, 1994a).
An uncertainty factor of 300 was
applied that was composed of a factor
of 100 to account for inter-and intra-
species differences in response to
toxicity and a factor of 3 for lack of a
two-generation reproductive study
necessary to evaluate potential toxicity
associated with lifetime exposure. To
fill this important data gap, the CMA
sponsored a two-generation
reproductive study in rats (CMA, 1996).

As described in more detail in the
1998 NODA (EPA, 1998a), EPA
reviewed the CMA study and completed
an external peer review of the study
(EPA, 1997d). In addition, EPA
reassessed the noncancer health risk for
chlorite and chlorine dioxide
considering the new CMA study (EPA,
1998d). This reassessment was also peer
reviewed (EPA, 1998d). Based on this
reassessment, EPA requested comment
in the 1998 NODA (EPA, 1998a) on
changing the proposed MCLG for
chlorite from 0.08 mg/L to 0.8 mg/L
based on the NOAEL identified from the
new CMA study which reinforced the
concern for neurodevelopmental effects
associated with short-term exposures.

EPA determined that the NOAEL for
chlorite should be 35 ppm (3 mg/kg/d
chlorite ion, rounded) based on a
weight-of-evidence approach. The data
considered to support the NOAEL are
summarized in EPA (1998d) and
included the CMA study as well as
previous reports on developmental
neurotoxicity and other adverse health
effects (EPA, 1998d). EPA continues to
believe, as stated in the 1998 NODA
(EPA, 1998a), that the RfD for chlorite
should be 0.03 mg/kg/d (NOAEL of 3
mg/kg/d with an uncertainty factor of
100) and that a MCLG of 0.8 mg/L is

appropriate. EPA has concluded that the
RfD for chlorine dioxide should be 0.03
mg/L (NOAEL of 3 mg/kg/d with an
uncertainty factor of 100) and that a
MRDLG of 0.8 mg/L is appropriate.

¢. Summary of Comments. EPA
received numerous comments on the
1994 proposal (EPA, 1994a) and 1998
NODA (EPA, 1998a). The major
comment from the 1994 proposal was
that reliance on the Mobley et al. (1990)
study for the MCLG for chlorite and the
Orme et al. (1985) study for chlorine
dioxide were inappropriate and that the
results from the CMA study must be
evaluated before any conclusions on the
MCLG for chlorite or chlorine dioxide
could be drawn. In relation to the 1998
NODA, several commenters supported
changing the MCLG for chlorite and
MRDLG for chlorine dioxide while
others were concerned that the science
did not warrant a change in these
values. The major comments submitted
against raising the MCLG and MRDLG
focused on several issues. First, one
commenter argued that the 1000-fold
uncertainty factor used for chlorite in
the proposal should remain in place
because the CMA study used to reduce
the uncertainty factor was flawed.
Second, several commenters indicated
that the LOAEL should be set at the
lowest dose level (35 ppm) because
certain effects at the lowest dose tested
may have been missed. Finally, some
commenters argued that an additional
safety factor should be included to
protect children and drinking water
consumption relative to the body weight
of children should be used instead of
the default assumption of 2 L per day
and 70 kg adult body weight.

EPA agrees with commenters on the
1994 proposal that the results from the
CMA should be factored into any final
decision on the MCLG for chlorite and
chlorine dioxide. As explained in more
detail in the 1998 DBP NODA (EPA,
1998a), EPA considered the findings
from the CMA study along with other
available data to reach its conclusions
regarding the MCLG and MRDLG for
chlorite and chlorine dioxide.

EPA disagrees with the commenter
who suggested that the 1000-fold
uncertainty factor for chlorite should
remain because the CMA study was
flawed. The study design for the
neurodevelopmental component of the
CMA study was in accordance with
EPA'’s testing guidelines at the time the
study was initiated. EPA had previously
reviewed the study protocol for the
CMA neurotoxicity component and had
approved the approach. While EPA
initially had some questions regarding
the design of the neurodevelopmental
component of the study (Moser, 1997),

subsequent information submitted by
the CMA provided clarification on
certain aspects of the study design
(CMA, 1998). EPA agrees that even with
the clarifications that there are some
limitations with the
neurodevelopmental component of the
CMA study. EPA believes that the
neuropathology components of the CMA
study were adequate. The functional
operation battery had some
shortcomings in that forelimb and
hindlimb grip strength and foot splay
were not evaluated. EPA believes the
results from the motor activity
component of the CMA study were
difficult to interpret because of the high
variability in controls. However, in its
evaluation of the MCLG for chlorite and
chlorine dioxide, EPA did not rely
solely on the CMA study, but used a
weight-of-evidence approach that
included consideration of several
studies. Thus, the shortcomings of one
study are offset by the weight from other
studies. EPA believes that the CMA
study contributes to the weight-of the-
evidence. The studies by Orme et al.
(1985), Mobley et al. (1990), and CMA
(1996) support a NOAEL of 3 mg/kg/d
based on neurodevelopmental effects
(e.g., decreased exploratory, locomotor
behavior, decreased brain weight).
Furthermore, the CMA study was
reviewed by outside scientists as well as
by EPA scientists. EPA’s re-assessment
for chlorite and chlorine dioxide
presented in the 1998 March NODA was
reviewed internally and externally in
accordance with EPA peer-review
policy. The three outside experts who
reviewed the Agency’s assessment
agreed with the NOAEL of 3 mg/kg/day
and the derived RfD.

Finally, EPA disagrees that an
additional safety factor should be
applied to provide additional protection
for children or that drinking water
consumption relative to the body weight
of children should be used in
developing the MCLG. The MCLG and
MRDLG presented for chlorite and
chlorine dioxide are considered to be
protective of susceptible groups,
including children, given that the RfD is
based on a NOAEL derived from
developmental testing, which includes a
two-generation reproductive study. A
two-generation reproductive study
evaluates the effects of chemicals on the
entire developmental and reproductive
life of the organism. Additionally,
current methods for developing RfDs are
designed to be protective for sensitive
populations. In the case of chlorite and
chlorine dioxide a factor of 10 was used
to account for variability between the
average human response and the
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response of more sensitive individuals.
In addition, the important exposure is
that of the pregnant and lactating female
and the nursing pup. The 2 liter per day
water consumption and the 70 kg body
weight assumptions are viewed as
adequately protective of all groups.
Based on a review of all the data and
public comments, EPA believes that the
MCLG for chlorite should be 0.8 mg/L
and the MRDLG for chlorine dioxide
should be 0.8 mg/L. EPA believes the
MCLG and MRDLG are consistent with
the discussions during the regulatory
negotiations which recognized the need
for an acceptable two-generation
reproductive study prior to reducing the

MCLG for chlorite=

For chlorine dioxide the MCLG is
based on a NOAEL of 3 mg/kg/d and
applying an uncertainty factor of 100 to
account for inter-and intra-species
differences in response to toxicity, the
revised MRDLG for chlorine dioxide is

MRDLG for chlorine dioxide =

uncertainty factors for chlorite and
chlorine dioxide. EPA believes the CMA
provided an acceptable two-generation
study with which to reduce the
uncertainty factors. In addition, EPA
believes potential health concerns in the
proposal with having a MCLG for
chlorite significantly below the MCL are
no longer relevant because the MCL for
chlorite in today’s rule will remain at
1.0 mg/L while the MCLG has been
revised to 0.8 mg/L. Given the margin of
safety that is factored into the
estimation of the MCLG of 0.8 mg/L,
EPA believes that the MCL of 1.0 mg/

L will be protective of public health of

0.03 mg/kg/d x 70 kgx 0.8
2L/day
MCLG for chlorite= 0.8 mg/L (Rounded)

calculated to be 0.8 mg/L. This MRDLG
takes into account an adult tap water
consumption of 2 L per day for a 70 kg
adult and applies a relative source
contribution of 80% (because most
exposure to chlorine dioxide is likely to

0.03mgkg/d x 70kgx 0.8 _

2L /day

all groups, including fetuses and
children.

The MCLG for chlorite is based on an
RfD of 0.03 mg/kg/d using a NOAEL of
3 mg/kg/d and an uncertainty factor of
100 to account for inter- and intra-
species differences. The MCLG for
chlorite is calculated to be 0.8 mg/L by
assuming an adult tap water
consumption of 2 L per day for a 70 kg
adult and using a relative source
contribution of 80% (because most
exposure to chlorite is likely to come
from ingestion of drinking water—
EPA,1998u). A more detailed discussion
of this assessment is included in the
public docket for this rule (EPA, 1998d).

=0.84 mg/L

come from ingestion of drinking water—
EPA, 1998u). A more detailed
discussion of this assessment is
included in the public docket for this
rule (EPA, 1998d).

0.84 mg/L

MRDLG for chlorine dioxide= 0.8 mg/L (Rounded)

8. MCLG for Bromate

a. Today’s Rule. The final MCLG for
bromate is zero. The zero MCLG is
based on a weight-of-evidence
evaluation of both the cancer and
noncancer effects which indicates there
is sufficient laboratory animal data to
conclude that bromate is a probable
(likely under the 1996 proposed cancer
guidelines) human carcinogen. EPA
believes the data are insufficient at this
time to determine the mode of
carcinogenic action for bromate, and
therefore a low dose linear extrapolation
approach is used to estimate lifetime
cancer risk as a default.

b. Background and Analysis. The
1994 proposed rule included a MCLG of
zero for bromate based on a
determination that bromate was a
probable human carcinogen. This
determination was based on results from
a two species rodent bioassay by
Kurokawa et al. (1986a and 1986b) that
found kidney tumors in rats. Since the
1994 proposed rule, EPA has completed
and analyzed a new chronic cancer
study in male rats and mice for
potassium bromate (DeAngelo et al.,
1998). EPA reassessed the cancer risk

associated with bromate exposure (EPA,
1998e), had this reassessment peer
reviewed (EPA, 1998e), and presented
its findings in the March 1998 NODA
(EPA, 1998a). The new rodent cancer
study by DeAngelo et al. (1998)
contributes to the weight of the
evidence for the potential human
carcinogenicity of potassium bromate
and confirms the study by Kurokawa et
al. (1986 a,b).

¢. Summary of Comments. Several
commenters supported the zero MCLG
for bromate. Others believed the MCLG
of zero was not justified because there
is evidence of a carcinogenic threshold.
This evidence indicates that bromate
causes DNA damage indirectly via lipid
peroxidation, which generates oxygen
radicals which in turn induce DNA
damage. Other commenters argued that
even if there is no carcinogenic
threshold, EPA has overstated the
potency of bromate by using the
linearized multistage model and should
instead use the Gaylor-Kodell model.

In response, EPA disagrees with
commenters who believed that the zero
MCLG was inappropriate. At this time,
under the principles of both the 1986

EPA Guidelines for Carcinogen Risk
Assessment (EPA, 1986) and the draft
1996 EPA Proposed Guidelines for
Carcinogen Risk Assessment (EPA,
1996b) weight-of-evidence approach,
bromate is considered to be a probable
or likely human carcinogen. This weight
of evidence conclusion of potential
human carcinogenicity is based on
sufficient experimental findings that
include the following: tumors at
multiple sites in rats; tumor responses
in both sexes; and evidence for
mutagenicity including point mutations
and chromosomal aberrations in in vitro
genotoxicity assays. Furthermore, EPA
believes there is insufficient evidence at
this time to draw conclusions regarding
the mode of carcinogenic action for
bromate. EPA acknowledges there are
studies available showing that bromate
may generate oxygen radicals which
increase lipid peroxidation and damage
DNA. However, no data are available
that link this proposed mechanism to
tumor induction. Thus, EPA believes
that while there are studies which
provide some evidence to support the
commenters’ claims, these studies are
insufficient at this time to establish
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lipid peroxidation and free radical
production as key events responsible for
the induction of the multiple tumor
responses seen in the bromate rodent
bioassays (EPA, 1998e). Given the
uncertainty about the mode of
carcinogenic action for bromate, EPA
believes it is appropriate to use the
default assumption of low dose linearity
to estimate the cancer risk and establish
the MCLG of zero for bromate. EPA is
conducting additional studies
investigating the mode of action for
bromate.

EPA also disagrees with commenters
who suggested that the Gaylor-Kodell
model should be used for low-dose
extrapolation of the bromate data. In the
1998 NODA, a low dose linear
extrapolation of the DeAngelo et al.
(1998) data was conducted using a one-
stage Weibull time-to-tumor model. The
Weibull model was considered to be the
preferred approach to account for the
reduction in animals at risk that may be
due to the decreased survival observed
in the high dose group toward the end
of the study. The estimate of cancer risk
from the DeAngelo et al. (1998) study is
similar with the risk estimate derived
from the Kurokawa et al. (1986a) study
presented in the 1994 proposed rule.

Based on an evaluation of all the data
and after review and consideration of
the public comments, EPA believes the
MCLG for bromate should be zero.

9. MCLG for Chloral Hydrate

a. Today’s Rule. EPA has decided to
not include an MCLG for chloral
hydrate in the Stage 1 DBPR. This
decision is based on an analysis of the
technical comments and on the fact that
chloral hydrate will be controlled by the
MCLs for TTHM and HAAs and by the
treatment technique of enhanced
coagulation.

b. Background and Analysis. The
1994 proposed rule included an MCLG
for chloral hydrate of 0.04 mg/L. This
was based on a 90-day mice study by
Sanders et al. (1982) which reported
liver toxicity. A RfD of 0.0016 mg/kg/d
was used (LOAEL of 16 mg/kg/d with an
uncertainty factor of 10,000). In the
1997 DBP NODA (EPA,1997b) and
supporting documents (EPA, 1997c),
additional studies on chloral hydrate
were discussed, however, these new
studies did not indicate a change in the
MCLG for chloral hydrate.

¢. Summary of Comments. The
majority of commenters disagreed with
the MCLG of 0.04 mg/L for chloral
hydrate. Several commenters questioned
the need for an MCLG for chloral
hydrate. These commenters mentioned
its low toxic potential and the fact that
safe concentrations of chloral hydrate

are substantially greater than those
present in drinking water. Commenters
also questioned the need for an MCLG
for chloral hydrate because the MCLs for
THMs and HAAs and the treatment
technique of enhanced coagulation will
adequately control for chloral hydrate
and because there were no monitoring
provisions proposed. Other commenters
argued that the use of a 10,000
uncertainty factor and the selection of
the Sanders et al. (1982) study as a basis
for setting the MCLG were
inappropriate.

In response, EPA agrees with
commenters that an MCLG for chloral
hydrate is not needed. This is based on
the fact that the TTHM and HAA MCLs
and the treatment technique (i.e.,
enhanced coagulation/softening) will
control for chloral hydrate, as well as
other chlorination byproducts. In
addition, chloral hydrate does not serve
as an important indicator for other
chlorination byproducts. The final rule,
therefore, does not contain an MCLG for
chloral hydrate. In light of this decision,
EPA is not responding to comments on
the uncertainty factor used as the basis
for setting the MCLG.

10. MRDLG for Chlorine

a. Today’s Rule. EPA is promulgating
an MRDLG of 4 mg/L for chlorine based
on a NOAEL from a chronic study in
animals.

b. Background and Analysis. EPA
proposed an MRDLG of 4 mg/L for
chlorine. The MRDLG was based on a
two-year rodent drinking water study in
which chlorine was given to rats at
doses ranging from 4 to 14 mg/kg/day
and mice at doses ranging from 8 to 24
mg/kg/day (NTP, 1990). Neither
systemic toxicity, nor effects on body
weight and survival were found. Thus,
the MRDLG was based on a NOAEL of
14 mg/kg/day and application of a 100
fold uncertainty factor to account for
inter- and intra-species differences
(EPA, 1994a). New information on
chlorine has become available since the
1994 proposal and was discussed in the
1997 DBP NODA and is included in the
public docket (EPA, 1997c). This new
information did not contain data that
would change the MRDLG. EPA has
therefore decided to finalize the
proposed MRDLG of 4 mg/L for
chlorine.

c. Summary of Comments. Several
commenters agreed with EPA’s
conclusion that there is no animal
evidence of carcinogenicity for chlorine.
Some commenters also agreed with EPA
that 4 mg/L was the appropriate MCLG.
Several commenters agreed with the
proposed relative source contribution of
80 percent for chlorine. Some

commenters agreed with the uncertainty
factor of 100 while others felt that it was
too high. Some commenters encouraged
EPA to consider children in estimating
risk from chlorine.

In response, EPA believes that an
uncertainty factor of 100 is appropriate
when a NOAEL from a chronic animal
study is the basis for the RfD. Because
current methods for developing RfDs are
designed to be protective for sensitive
subpopulations, the uncertainty factor
of 100 is considered protective of
children. Furthermore, animal studies
indicate that chlorine is not a
developmental toxicant.

11. MRDLG for Chloramine

a. Today’s Rule. EPA is promulgating
an MRDLG of 4 mg/L for chloramines
based on a NOAEL from a chronic
rodent study.

b. Background and Analysis. The
1994 proposed Stage | DBPR included
an MRDLG for chloramines at 4 mg/L
based on a NOAEL of 9.5 mg/kg/d for
lack of toxicity in chronic rodent
drinking water study and on application
of an uncertainty factor of 100 to
account of inter- and intra-species
differences (EPA, 1994h). New
information on chloramines has become
available since the 1994 proposal and
was included in the 1997 DBP NODA
and is included in the public docket
(EPA, 1997c). This new information did
not contain data that would change the
MRDLG. EPA has therefore decided to
finalized the proposed MRDLG of 4 mg/
L for chloramines.

¢. Summary of Comments. Several
commenters agreed with the MRDLG of
4 mg/L for chloramine (as chlorine).
Some commenters felt that the MRDLG
was too low due to conservative
uncertainty factors. Many commenters
agreed with EPA’s conclusion that there
is no animal evidence of carcinogenicity
for chloramines. Many commenters
agreed with the RSC of 80% for
chloramine while other believed that
the RSC should be higher.

In response, EPA believes that the
uncertainty factor of 100 in the MRDLG
calculation is appropriate to protect
public health including that of children
and sensitive subpopulations. EPA
believes that the 80 percent is an
appropriate ceiling for the RSC due to
lack of exposure data on other sources
of exposure.

B. Epidemiology
1. Cancer Epidemiology

a. Today’s Rule. EPA has evaluated all
of the cancer epidemiology data and the
corresponding public comments
received on the 1994 proposal (EPA,
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1994a), 1997 NODA (EPA, 1997b), and
1998 NODA (EPA, 1998a). Based on this
evaluation, EPA believes that the cancer
epidemiology data provides important
information that contributes to the
weight-of-evidence evaluation on the
potential health risks from exposure to
chlorinated drinking water. At this time,
however, the cancer epidemiology
studies are insufficient to establish a
causal relationship between exposure to
chlorinated drinking water and cancer;
and are thus considered limited for use
in quantitative risk assessment. EPA’s
weight-of-evidence evaluation of the
potential risk posed by chlorinated
drinking water is further discussed in
section IV of this preamble.

b. Background and Analysis. The
preamble to the 1994 proposed rule
discussed numerous cancer
epidemiology studies that had been
conducted over the past 20 years to
examine the relationship between
exposure to chlorinated water and
cancer (EPA, 1994a). At the time of the
regulatory negotiation, there was
disagreement among the members of the
Reg. Neg. Committee on the conclusions
that could be drawn from these studies.
Some members of the Committee felt
that the cancer epidemiology data, taken
in conjunction with the results from
toxicological studies, provide ample and
sufficient weight-of-evidence to
conclude that exposure to DBPs in
drinking water could result in increased
cancer risk at levels encountered in
some public water supplies. Other
members of the Committee concluded
that the cancer epidemiology studies on
the consumption of chlorinated
drinking water to date were insufficient
to provide definitive information for the
regulation.

In the 1998 DBP NODA (EPA, 1998a),
EPA discussed several new
epidemiology studies that had been
published since the 1994 proposal. EPA
concluded in the 1998 NODA, based on
a review of all the cancer epidemiology
studies (including the more recent
studies), that a causal relationship
between exposure to chlorinated surface
water and cancer has not yet been
demonstrated. However, several studies
have suggested a weak association in
various subgroups. Results from recent
epidemiology studies continue to
support the decision to pursue
regulations to provide additional DBP
control measures as discussed in section
IV.D of this preamble.

c. Summary of Comments. Several
commenters agreed with EPA’s
characterization that there was
insufficient evidence to conclude that
there was a causal relationship between
exposure to chlorinated surface water

and cancer. Other commenters
disagreed with this characterization
stating that they believed the evidence
did indicate there was a strong
association between exposure to
chlorinated water and cancer. Other
commenters stated that EPA had not
clearly articulated the basis for its
conclusions on the issue of causality.

In response, EPA continues to believe
that there is insufficient evidence, based
on the epidemiology data, to conclude
there is a causal association between
exposure to chlorinated waters and
cancer. EPA agrees, however, that the
basis for its conclusion on causality was
not clearly articulated. This judgement
of causality was based on evaluating the
existing cancer epidemiologic database
for the following criteria: strength of
association, consistency of the findings,
specificity of the association, as well as
other information concerning the
temporal sequence and presence of a
dose-response relationship, and
biological plausibility (Federal Focus,
1996; EPA, 1986; EPA 1996b).

EPA applied the criteria stated above
to assess the possible causality of cancer
using the best available cancer
epidemiology studies (Cantor et al.,
1985, McGeehin et al., 1993, King and
Marrett, 1996, Cantor et al., 1998,
Freedman et al., 1997, Hildesheim et al.,
1998, Doyle et al., 1997). These studies
found a weak association for bladder
cancer, although the findings were not
consistent within and among the
studies. The specificity of the
association, temporal association, and
dose response relationship remain
unknown. In addition, the biological
mode of action has not been
determined. Using the criteria for
causality, the present epidemiologic
data do not support a causal
relationship between exposure to
chlorinated drinking water and
development of cancer at this time. This
conclusion does not preclude the
possibility that a causal link may be
established at a later date by future
epidemiology and toxicology studies.

Some commenters argued that the
epidemiological evidence indicated an
increased risk for cancer by exposure to
chlorinated drinking water, while others
argued that the epidemiological
evidence does not support a health
effects concern. As stated above, EPA
believes that, at this time, a causal link
between exposure to chlorinated
drinking water and development of
cancer cannot be determined. However,
EPA believes that the epidemiological
evidence suggests a potential increased
risk for bladder cancer. It is therefore
prudent public health policy to protect
against this potential public health

concern in light of the uncertainties and
given the large population (over 200
million people) potentially exposed.

2. Reproductive and Developmental
Epidemiology

a. Today’s Rule. EPA has evaluated all
of the reproductive and developmental
epidemiology data and the public
comments received on the 1994
proposal, 1997 NODA, and the 1998
NODA. Based on this evaluation, EPA
believes that the reproductive and
developmental epidemiology data
provides important information that
contributes to the weight-of-evidence
evaluation on the potential risks from
exposure to chlorinated drinking water.
However, the reproductive
epidemiology studies are insufficient to
establish a causal relationship between
exposure to chlorinated drinking water
and reproductive and developmental
effects and are limited for use in the
quantification of risk.

b. Background and Analysis. In the
preamble to the 1994 proposed DBPR,
EPA discussed several reproductive
epidemiology studies (EPA, 1994a). At
the time of the proposal, EPA concluded
that there was no compelling evidence
to indicate a reproductive and
developmental hazard due to exposure
to chlorinated water because the
epidemiologic evidence was inadequate
and the toxicological data were limited.
In 1993, an expert panel of scientists
was convened by the International Life
Sciences Institute to review the
available human studies for
developmental and reproductive
outcomes and to provide research
recommendations (EPA/ILSI, 1993). The
expert panel concluded that the
epidemiologic results should be
considered preliminary given that the
research was at a very early stage (EPA/
ILSI, 1993; Reif et al., 1996). The 1997
NODA and the supporting documents
(EPA, 1997c) presented several new
studies (Savitz et al., 1995; Kanitz et al.
1996; and Bove et al., 1996) that had
been published since the 1994 proposed
rule and the 1993 ILSI panel review.
Based on the new studies presented in
the 1997 NODA, EPA stated that the
results were inconclusive with regard to
the association between exposure to
chlorinated waters and adverse
reproductive and developmental effects
(EPA, 1997h).

In the 1998 DBP NODA (EPA, 1998a),
EPA included the recommendations
from an EPA convened expert panel in
July 1997 to evaluate epidemiologic
studies of adverse reproductive or
developmental outcomes that may be
associated with the consumption of
disinfected drinking water published
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since the 1993 ILSI panel review. A
report was prepared entitled “EPA
Panel Report and Recommendations for
Conducting Epidemiological Research
on Possible Reproductive and
Developmental Effects of Exposure to
Disinfected Drinking Water” (EPA,
1998f). The 1997 expert panel was also
charged to develop an agenda for further
epidemiological research. The 1997
panel concluded that the results of
several studies suggest that an increased
relative risk of certain adverse outcomes
may be associated with the type of water
source, disinfection practice, or THM
levels. The panel emphasized, however,
that most relative risks are moderate or
small and were found in studies with
limitations in design or conduct. The
small magnitude of the relative risk
found may be due to one or more
sources of bias, as well as to residual
confounding (factors not identified and
controlled). Additional research is
needed to assess whether the observed
associations can be confirmed. In
addition, the 1998 DBP NODA included
a summary of a study by Waller et al.
(1998) conducted in California and
another study by Klotz and Pyrch (1998)
conducted in New Jersey. EPA
concluded that while the Waller et al.
(1998) study does not prove that
exposure to THMs in drinking water
causes early term miscarriages, it does
provide important new information that
needs to be explored and that the study
adds to the weight-of-evidence which
suggests that exposure to DBPs may
have an adverse health effect on
humans. EPA indicated that the review
of the Klotz and Pyrch study (1998) had
not been completed in time for the 1998
NODA.

EPA has completed its review of the
Klotz and Pyrch (1998) study and
concluded that the results in the report
provide limited evidence to substantiate
the hypothesis that DBPs in drinking
water cause adverse reproductive or
developmental effects since the bulk of
the findings are inconclusive. There is,
however, a suggestion in the study that
total THMs or some other component of
surface water is associated with a small
increased risk of neural tube defects; no
significant associations, however, were
observed with individual THMs, HAAs
or other composite measures of
exposure.

¢. Summary of Comments. Several
commenters agreed with EPA’s
conclusions on the significance of the
reproductive and developmental effects
from the various studies. Others
believed EPA had not accurately
characterized the potential adverse
reproductive and developmental effects

from exposure to DBPs in drinking
water.

In response, EPA continues to believe
that the available epidemiology data
along with the toxicological findings
suggest that exposure to DBPs may have
adverse effects on humans. However,
EPA believes the epidemiology evidence
is insufficient at this time to conclude
that there is a causal association
between exposure to DBPs and adverse
reproductive and developmental effects.
As noted in the 1998 NODA, EPA has
an epidemiology and toxicology
research program that is examining the
relationship between exposure to DBPs
and adverse reproductive and
developmental effects. In addition, EPA
is pursuing appropriate follow-up
studies to see if the observed association
in the Waller et al. (1998) study can be
replicated elsewhere. EPA will also be
working with the California Department
of Health Services to improve estimates
of exposure to DBPs in the existing
Waller et al. study population. EPA will
collaborate with the Centers for Disease
Control and Prevention (CDC) in a series
of studies to evaluate if there is an
association between exposure to DBPs
in drinking water and birth defects. EPA
is also involved in a collaborative
testing program with the NTP under
which several individual DBPs have
been selected for reproductive and
developmental laboratory animal
studies. This information will be used
in developing the Stage 2 DBPR.

C. MCLs and BAT for TTHM, HAAS5,
Chlorite, and Bromate; MRDLs and BAT
for Chlorine, Chloramines, and Chlorine
Dioxide

MCLs are enforceable standards
which are established as close to the
MCLG as feasible. Feasible means with
the use of the best technology, treatment
techniques, and other means which the
Administrator finds available (taking
costs into consideration) after
examining for efficacy under field
conditions and not solely under
laboratory conditions.

EPA is promulgating MCLs for two
groups of DBPs and two inorganic
byproducts. EPA is also promulgating
MRDLs for three disinfectants. EPA is
promulgating these MCLs and MRDLs at
the levels proposed in 1994. Systems
will determine compliance with the
MCLs and MRDLs in the same manner
as was proposed in 1994, except for
chlorite. EPA determined that
additional monitoring requirements for
chlorite were necessary based on the
findings from the CMA two-generation
reproductive and developmental study.

Along with introducing the concept of
the MRDLG in the proposed rule, EPA

also introduced the MRDL for the three
disinfectants (chlorine, chloramines,
and chlorine dioxide). The MRDLs are
enforceable standards, analogous to
MCLs, which recognize the benefits of
adding a disinfectant to water on a
continuous basis and to maintain a
residual to control for pathogens in the
distribution system. As with MCLs, EPA
has set the MRDLs as close to the
MRDLGs as feasible. The Agency has
also identified the BAT which is
feasible for meeting the MRDL for each
disinfectant.

EPA received similar comments on
the use of the term MRDL as with
MRDLG. The majority of commenters
agreed with the use of the term MRDL
for the disinfectants and therefore EPA
is using the term MRDL in the final rule.

1. MCLs for TTHMs and HAAS

a. Today’s Rule. In today’s rule, EPA
is promulgating an MCL for TTHMs of
0.080 mg/L. TTHM is the sum of
measured concentrations of chloroform,
bromodichloromethane,
dibromochloromethane, and
bromoform. EPA is also promulgating an
MCL for HAAGS of 0.060 mg/L. HAAS is
the sum of measured concentrations of
mono-, di-, and trichloroacetic acids,
and mono- and dibromoacetic acids. A
system is in compliance with these
MCLs when the running annual average
of quarterly averages of all samples
taken in the distribution system,
computed quarterly, is less than or
equal to the MCL. If the running annual
average computed for any quarter
exceeds the MCL, the system is out of
compliance. EPA believes that by
meeting MCLs for TTHMs and HAAS5,
water suppliers will also control the
formation of other DBPs not currently
regulated that may also adversely affect
human health.

EPA has identified the best available
(BAT) technology for achieving
compliance with the MCLs for both
TTHMs and HAAS as enhanced
coagulation or treatment with granular
activated carbon with a ten minute
empty bed contact time and 180 day
reactivation frequency (GAC10), with
chlorine as the primary and residual
disinfectant, as was proposed in 1994.

b. Background and Analysis. The
1994 proposal for the Stage 1 DBPR
included MCLs for TTHM and HAAS at
0.080 and 0.060 mg/L, respectively
(EPA, 1994a). In addition to the
proposed MCLs, subpart H systems—
utilities treating either surface water or
groundwater under the direct influence
of surface water—that use conventional
treatment (i.e., coagulation,
sedimentation, and filtration) or
precipitative softening would be
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required to remove DBP precursors by
enhanced coagulation or enhanced
softening. The removal of TOC would be
used as a performance indicator for DBP
precursor control.

As part of the proposed rule, EPA
estimated that 17% of PWSs would
need to change their treatment process
to alternative disinfectants (ozone or
chlorine dioxide) or advanced precursor
removal (GAC or membranes) in order
to comply with the Stage 1
requirements. This evaluation was
important to assist in determining
whether the proposed MCLs were
achievable and at what cost. This
evaluation required an understanding of
the baseline occurrence for the DBPs
and TOC being considered in the Stage
1 DBPR, an understanding of the
baseline treatment in-place, and an
estimation of what treatment
technologies systems would use to
comply with the Stage 1 DBPR
requirements.

In 1997, at the direction of the M—DBP
Advisory Committee, the TWG reviewed
MCL compliance predictions developed
for the 1994 proposal because of
concern by several Committee members
that modifications to the rule would
result in more PWSs not being able to
meet the new TTHM and HAAS5 MCLs
without installation of higher cost
technologies such as ozone or GAC.
Some members were concerned that
allowing disinfection inactivation credit
prior to precursor removal (by enhanced
coagulation or enhanced softening) in
order to prevent significant reductions
in microbial protection would result in
higher DBP formation and force systems
to install alternative disinfectants or
advanced precursor removal to meet the
1994 proposed TTHM and HAA5 MCLs.
As discussed later in today’s document
in Section I1.E (Preoxidation CT Credit),
most PWSs can achieve significant
reduction in DBP formation through the
combination of enhanced coagulation
(or enhanced softening) while
maintaining predisinfection. The TWG’s
analysis indicated that there would be a
decrease in the percentage of PWSs that
would need to install higher cost
technologies. This decrease was
attributed to changes in the proposed
IESWTR which altered the constraints
by which systems could comply with
the MCLs. The requirements of the
IESWTR would also prevent significant
reduction in microbial protection as
described in the 1997 NODA (EPA,
1997a) and elsewhere in today’s Federal
Register. EPA has included a discussion
of the prediction of technology choices
in Section IV (Economic Analysis) of
today’s rule and a more detailed
discussion in the RIA for this rule (EPA,

1998g). EPA continues to believe the
proposed MCLs are achievable without
large-scale technology shifts.

c. Summary of Comments. Several
commenters questioned whether the
TTHM MCL of 0.080 mg/L and the
HAAS5 MCL of 0.060 mg/L were set at a
level that would preclude the use of
chlorine as an effective disinfectant.
EPA does not believe the MCLs will
preclude the use of chlorine. While
there are currently systems that are
exceeding these MCLs, the Agency has
concluded that most systems will be
able to achieve compliance by relatively
low cost alternatives such as: improved
DBP precursor removal through
enhanced coagulation or enhanced
softening; moving the point of
disinfection to reduce the reaction
between chlorine and DBP precursors;
the use of chloramines for residual
disinfection instead of chlorine; or a
combination of these alternatives.

Many commenters also questioned the
need for a modified TTHM MCL and a
new MCL for HAAS. As discussed in
section 1.B.2. of today’s rule, EPA
believes the potential public health risks
do justify a reduction in exposure to
DBPs and hence a modification in the
MCL for TTHMs and a new MCL for
HAADS. Also as discussed in section IV
of this rule, EPA continues to believe
that the potential risks associated with
both TTHM and HAAS and unregulated
DBPs will be reduced by the
combination of these MCLs and DBP
precursor removal through enhanced
coagulation and enhanced softening.

While most commenters agreed with
EPA’s definition of GAC10 and GAC20
(GAC with a 10 and a 20 minute empty
bed contact time, respectively), several
commenters thought that designating
GAC as BAT meant that they would
have to install GAC at their treatment
plant. EPA is required to designate a
BAT for any MCL that the Agency
promulgates; however, a system may
use any technology it wants to comply
with the MCL. However, a system must
install BAT prior to the State issuing a
variance to one of these MCLs.

Commenters also questioned the use
of group MCLs for TTHM and HAAS5,
instead of MCLs for the individual
DBPs, since a group MCL does not take
into account differing health effects and
potencies of individual DBPs. EPA
continues to believe that regulating
TTHMs and HAAs as group MCLs is
appropriate at this time for several
reasons. First, EPA does not have
adequate occurrence data for individual
trihalomethanes and haloacetic acids to
develop national occurrence estimates
which are needed for estimating the
potential costs and benefits of the rule

(although the Agency has an adequate
database of group occurrence). Second,
there is not an adequate understanding
of how water quality parameters (such
as pH, temperature, bromide, and
alkalinity) affect individual THM and
HAA formation. Third, EPA does not
have an adequate understanding of how
treatment technologies control the
formation of individual THMs and
HAAs to enable specifying appropriate
MCLs for individual TTHMs or HAAs at
this time. Finally, there are inadequate
health data to characterize the potential
health risks for several of the HAAs and
to then determine the potential benefits
from reduction in exposures. In
conclusion, EPA continues to believe
the most appropriate approach for
reducing the health risk from all DBPs
is by the combination of TTHM and
HAAS5 MCLs and DBP precursor
removal.

Some commenters stated that EPA
may have underestimated HAA
formation, especially in certain areas of
the country. The Agency was aware that
waters in particular regions of the
country would be more difficult to treat
in order to control for HAAS than for
TTHM. Based on additional data
received since the proposal, EPA
continues to believe that the HAA5 MCL
can be met by most systems through the
same general low-cost strategies as used
for TTHM (e.g., improved DBP
precursor removal, moving the point of
disinfection, use of chloramines for
residual disinfection) rather than higher
cost alternatives (see section IV.C for
cost estimates of technology treatment
choices).

Many commenters also requested that
States be granted sufficient flexibility in
implementing this rule. While the State
must adopt rules that are at least as
stringent as those published in today’s
rule, EPA has given the States and
systems much latitude in monitoring
plans (frequency and location),
allowable disinfectants, and other rule
elements. Much of this flexibility carries
over from the 1979 TTHM Rule (EPA,
1979).

Finally, some commenters stated that
requirements in this rule are
complicated. EPA acknowledges that
this rule is complicated, but that this
complexity is necessary in order to
adequately and economically address
the potential DBP risks. EPA was
required to consider a host of
complicating factors in developing
regulatory requirements: different
disinfectants, different health effects
(acute and chronic), different DBP
formation Kkinetics, different source
water types and qualities, different
treatment processes, and the need for
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simultaneous compliance with other
rules such as the Total Coliform Rule,
Lead and Copper Rule, and Interim
Enhanced Surface Water Treatment
Rule. The Agency chose to evaluate all
these factors by developing
requirements that minimized impacts
on various classes of systems while
enabling States to implement the rule.
In addition to the further description of
the requirements in today’s rule, EPA
will publish a State implementation
manual, a small system compliance
manual, and a series of guidance
manuals that will provide additional
information to systems and States in
implementing this rule.

EPA has reviewed all comments and
determined that the requirements
promulgated today are necessary to
control the occurrence of TTHM and
HAADS and are feasible to achieve. These
requirements take into account the
difficulties in simultaneously
controlling risks from DBPs and
pathogens, while appropriately
addressing implementation and
compliance issues.

2. MCL for Bromate

a. Today’s Rule. In today’s rule, EPA
is promulgating an MCL for bromate of
0.010 mg/L. Bromate is one of the
principal byproducts of ozonation in
bromide-containing source waters. The
proposed MCL for bromate was 0.010
mg/l. A system is in compliance with
the MCL when the running annual
average of monthly samples, computed
quarterly, is less than or equal to the
MCL. If the running annual average
computed for any quarter exceeds the
MCL, the system is out of compliance.
EPA has identified the BAT for
achieving compliance with the MCL for
bromate as control of ozone treatment
process to reduce formation of bromate,
as was proposed in 1994 (EPA, 1994a).

b. Background and Analysis. For
systems using ozone, a separate MCL
was proposed for the primary inorganic
DBP associated with ozone usage:
bromate. Although the theoretical 10—4
risk level for bromate is 0.005 mg/l, an
MCL of 0.010 mg/L was proposed
because available analytical detection
methods for bromate were reliable only
to the projected practical quantification
limit (PQL) of 0.01 mg/L (EPA, 1994a).

In the preamble to the proposed rule,
EPA requested comment on whether
there were ways to set (or achieve) a
lower MCL (i.e., 0.005 mg/L [5 pg/L])
and whether the PQL for bromate could
be lowered to 5 pug/L in order to allow
compliance determinations for a lower
MCL in Stage 1 of the proposed rule.
The proposed MCL of 0.010 mg/L for
bromate was based on a projected PQL

that would be achieved by improved
methods. The PQL of the revised
method is approximately 0.010 mg/L for
bromate, as discussed in Section I11.G
(Analytical Methods). At the time of the
November 1997 NODA, EPA was not
aware of any new information that
would lower the PQL for bromate and
thus allow lowering the MCL. As a
result, EPA concluded that the proposed
bromate MCL was appropriate.

c. Summary of Comments. Several
commenters were concerned that the
bromate MCL may have been set at a
level that would preclude the use of
ozone. During the M—DBP Advisory
Committee discussions, the TWG
evaluated the feasibility of ozone for
certain systems that were predicted to
have problems in complying with the
TTHM and HAA5 MCLs. While ozone
was not feasible for all systems, it was
feasible for many that did not have
elevated source water bromide levels to
react with ozone to form bromate. The
TWG predicted that most of the systems
not able to use ozone would be able to
switch to chlorine dioxide for primary
disinfection.

EPA has reviewed all comments and
determined that the requirements
promulgated today are necessary to
control the occurrence of bromate and
are feasible to achieve. For additional
discussion on the treatment
technologies for controlling bromate
formation and their costs see the Cost
and Technology Document for
Controlling Disinfectants and
Disinfection Byproducts (EPA, 1998Kk).
These requirements take into account
the difficulties in simultaneously
controlling risks from DBPs and
pathogens, while appropriately
addressing compliance and
implementation issues. In addition, the
Reg. Neg. Committee and the M—DBP
Advisory Committee supported these
conclusions.

3. MCL for Chlorite

a. Today’s Rule. In today’s rule, EPA
is promulgating an MCL for chlorite of
1.0 mg/L. EPA has modified the
monitoring requirements from the
proposed rule for the reasons discussed
in section I1l.A.7. The issue of
monitoring and MCL compliance
determinations as they relate to the
health effect of concern for chlorite were
discussed in the proposed rule (EPA,
1994a). CWSs and NTNCWSs using
chlorine dioxide for disinfection or
oxidation are required to conduct
sampling for chlorite both daily at the
entrance to the distribution system and
monthly (3 samples on the same day)
within the distribution system.
Additional distribution system

monitoring is required when the
chlorite concentration measured at the
entrance to the distribution system
exceeds a chlorite concentration of 1.0
mg/L. Distribution system monitoring
may be reduced if certain conditions are
met (described in section Ill.H of this
rule).

b. Background and Analysis. For
systems using chlorine dioxide, EPA
proposed a separate MCL for chlorite
associated with its usage in 1994. The
proposed chlorite MCL of 1.0 mg/L was
supported by the Reg. Neg. Committee
because 1.0 mg/L was the lowest level
considered practicably achievable by
typical systems using chlorine dioxide,
from both treatment and monitoring
perspectives. The MCLG was 0.08 mg/
L, due (in part) to data gaps that
required higher uncertainty factors in
the MCLG determination. The CMA
agreed to fund new health effects
research on chlorine dioxide and
chlorite—with EPA approval of the
experimental design—to resolve these
data gaps. EPA completed its review of
the study and published its findings in
a NODA in March 1998. Those findings
led to a chlorite MCLG of 0.8 mg/L and
support for an MCL of 1.0 mg/L.

¢. Summary of Comments. Many
commenters requested that EPA not
modify the MCL for chlorite prior to
receipt and evaluation of the CMA
study, since lowering the MCL could
preclude the use of chlorine dioxide for
drinking water disinfection. EPA has
evaluated the CMA study and
concluded that the MCLG for chlorite
should be 0.8 mg/L. EPA believes the
proposed MCL of 1.0 mg/L, based on a
three sample average to determine
compliance, is appropriate because this
is the lowest level achievable by typical
systems using chlorine dioxide. In
addition, considering the margin of
safety that is factored into the estimate
of the MCLG, EPA believes the MCL
will be protective of public health. Once
the final MCLG was established, EPA
decided that the chlorite MCL should be
finalized at the level proposed which
was as close as economically and
technically feasible to the MCLG, and
modified the proposed requirements for
monitoirng and compliance in response
to the health concerns associated with
chlorite.

EPA has reviewed all comments and
determined that the requirements
promulgated today are necessary to
control the occurrence of chlorite and
are feasible to achieve. These
requirements take into account the
difficulties in simultaneously
controlling risks from DBPs and
pathogens, while appropriately
addressing compliance and
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implementation issues. In addition, the
Reg. Neg. Committee and the M—DBP
Advisory Committee supported these
conclusions.

4, MRDL for Chlorine

a. Today’s Rule. Chlorine is a widely
used and highly effective water
disinfectant. In today’s rule, EPA is
promulgating an MRDL for chlorine of
4.0 mg/L. As a minimum, CWSs and
NTNCWSs must measure the residual
disinfectant level at the same points in
the distribution system and at the same
time as total coliforms, as specified in
§141.21. Subpart H systems may use the
results of residual disinfectant
concentration sampling done under the
SWTR (8 141.74(b)(6) for unfiltered
systems, §141.74(c)(3) for systems that
filter) in lieu of taking separate samples.
Monitoring for chlorine may not be
reduced.

A system is in compliance with the
MRDL when the running annual average
of monthly averages of all samples,
computed quarterly, is less than or
equal to the MRDL. Notwithstanding the
MRDL, operators may increase residual
chlorine levels in the distribution
system to a level and for a time
necessary to protect public health to
address specific microbiological
contamination problems (e.g., including
distribution line breaks, storm runoff
events, source water contamination, or
cross-connections).

EPA has identified the best means
available for achieving compliance with
the MRDL for chlorine as control of
treatment processes to reduce
disinfectant demand, and control of
disinfection treatment processes to
reduce disinfectant levels.

b. Background and Analysis. The
1994 proposed Stage | DBPR included
an MRDL for chlorine at 4.0 mg/L (EPA,
1994a). The MRDL for chlorine is equal
to the MRDLG for chlorine. EPA
requested comment on a number of
issues relating to the calculation of the
MRDLG for chlorine. New information
on chlorine has become available since
the 1994 proposal and was discussed in
the 1997 NODA (EPA, 1997b). EPA
believes that no new information has
become available to warrant changing
the proposed MRDL. EPA has therefore
decided to promulgate the MRDL of 4.0
mg/L for chlorine.

¢. Summary of Comments. Some
commenters expressed concern that the
MRDL for chlorine is too high. These
commenters were concerned that 4 mg/
L levels of chlorine would have a
detrimental effect on piping materials
and would cause taste and odor
problems. One commenter supported
the chlorine MRDL and the methods of

calculating compliance with the MRDL.
This commenter felt that 4.0 mg/L
appropriately allows for disinfection
under varying circumstances. One
commenter requested that EPA increase
the flexibility of utilities to meet the
MRDL for chlorine during periods when
chlorine levels in the distribution
systems may need to be raised to protect
public health.

EPA believes that the MRDL of 4.0
mg/L for chlorine is appropriate to
control for potential health effects
(MRDLG is 4.0 mg/L) from chlorine
while high enough to allow for control
of pathogens under a variety of
conditions. EPA also believes that
compliance based on a running annual
average of monthly averages of all
samples, computed quarterly is
sufficient to allow systems to increase
residual chlorine levels in the
distribution system to a level and for a
time necessary to protect public health
to address specific microbiological
contamination problems and still
maintain compliance. If a system has
taste and odor problems associated with
excess chlorine levels it can lower its
level of chlorine. Since there may not be
any health effects associated with taste
and odor problems, EPA does not have
a statutory requirement to address this
concern.

5. MRDL for Chloramines

a. Today’s Rule. Chloramines are
formed when ammonia is added during
chlorination. In today’s rule, EPA is
promulgating an MRDL for chloramines
of 4.0 mg/L (measured as combined total
chlorine). As a minimum, CWSs and
NTNCWSs must measure the residual
disinfectant level at the same points in
the distribution system and at the same
time as total coliforms, as specified in
§141.21. Subpart H systems may use the
results of residual disinfectant
concentration sampling done under the
SWTR (8 141.74(b)(6) for unfiltered
systems, § 141.74(c)(3) for systems that
filter) in lieu of taking separate samples.
Monitoring for chloramines may not be
reduced.

A PWS is in compliance with the
MRDL when the running annual average
of monthly averages of all samples,
computed quarterly, is less than or
equal to the MRDL. Notwithstanding the
MRDL, operators may increase residual
chloramine levels in the distribution
system to a level and for a time
necessary to protect public health to
address specific microbiological
contamination problems (e.g., including
distribution line breaks, storm runoff
events, source water contamination, or
cross-connections).

EPA has identified the best means
available for achieving compliance with
the MRDL for chloramines as control of
treatment processes to reduce
disinfectant demand, and control of
disinfection treatment processes to
reduce disinfectant levels.

b. Background and Analysis. The
1994 proposed Stage 1 DBPR included
an MRDL for chloramines at 4.0 mg/L
(EPA, 1994a). The MRDL for
chloramines is equal to the MRDLG for
chloramines. EPA requested comment
on a number of issues relating to the
calculation of the MRDLG for
chloramines. New information on
chloramines has become available since
the 1994 proposal and was cited in the
1997 NODA and is included in the
public docket for this rule (EPA, 1997b).
This new information did not contain
data that would warrant changing the
MRDL. EPA has therefore decided to
promulgate the proposed MRDL of 4.0
mg/L for chloramines.

¢. Summary of Comments. Some
commenters remarked that systems with
high concentrations of ammonia would
have difficulty meeting the MRDL for
chloramine of 4.0 mg/L and still
maintain adequate microbial protection.
One commenter felt that there should
not be a limit for chloramine residual
due to variations in parameters such as
distribution system configurations and
temperature. One commenter felt that
the MRDL for chloramines was too low
and should not be set at the same level
as the chlorine MRDL since chlorine is
a stronger disinfectant than
chloramines. This commenter felt that
limiting the chloramine residual would
reduce the capability to sustain high
water quality in the distribution system.
One commenter supported the
chloramine MRDL and the methods of
calculating compliance with the MRDL.
This commenter felt that 4.0 mg/L
adequately allows for disinfection under
varying circumstances.

EPA believes that compliance based
on a running annual average of monthly
averages of all samples, computed
quarterly, is sufficient to allow systems
to increase residual chloramine levels in
the distribution system to a level and for
a time necessary to protect public health
to address specific microbiological
contamination problems and still
maintain compliance. The MRDL for
chloramine does not limit disinfectant
dosage but rather disinfectant residual
in the distribution system. EPA
therefore, believes that systems with
high levels of ammonia should be able
to comply with the MRDL. Systems that
have difficulty sustaining high water
quality in the distribution system
should consider modifying their
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treatment or maintenance procedures to
reduce demand. Although chlorine is a
stronger disinfectant than chloramine,
EPA believes that an MRDL of 4.0 mg/
L is sufficient to provide adequate
microbial protection.

6. MRDL for Chlorine Dioxide

a. Today’s Rule. Chlorine dioxide is
used primarily for the oxidation of taste
and odor-causing organic compounds in
water. It can also be used for the
oxidation of reduced iron and
manganese and color, and as a
disinfectant and algicide. Chlorine
dioxide reacts with impurities in water
very rapidly, and is dissipated quickly.
In today’s rule, EPA is promulgating an
MRDL of 0.8 mg/L for chlorine dioxide.
Unlike chlorine and chloramines, the
MRDL for chlorine dioxide may not be
exceeded for short periods of time to
address specific microbiological
contamination problems because of
potential health concerns with short-
term exposure to chlorine dioxide above
the MCL.

CWSs and noncommunity systems
must monitor for chlorine dioxide only
if chlorine dioxide is used by the system
for disinfection or oxidation. Monitoring
for chlorine dioxide may not be
reduced. If monitoring is required,
systems must take daily samples at the
entrance to the distribution system. If
any daily sample taken at the entrance
to the distribution system exceeds the
MRDL, the system is required to take
three additional samples in the
distribution system on the next day.
Systems using chlorine as a residual
disinfectant and operating booster
chlorination stations after the first
customer must take three samples in the
distribution system: one as close as
possible to the first customer, one in a
location representative of average
residence time, and one as close as
possible to the end of the distribution
system (reflecting maximum residence
time in the distribution system).
Systems using chlorine dioxide or
chloramines as a residual disinfectant or
chlorine as a residual disinfectant and
not operating booster chlorination
stations after the first customer must
take three samples in the distribution
system as close as possible to the first
customer at intervals of not less than six
hours.

If any daily sample taken at the
entrance to the distribution system
exceeds the MRDL and if, on the
following day, any sample taken in the
distribution system also exceeds the
MRDL, the system will be in acute
violation of the MRDL and must take
immediate corrective action to lower the
occurrence of chlorine dioxide below
the MRDL and issue the required acute
public notification. Failure to monitor
in the distribution system on the day
following an exceedance of the chlorine
dioxide MRDL shall also be considered
an acute MRDL violation.

If any two consecutive daily samples
taken at the entrance to the distribution
system exceed the MRDL, but none of
the samples taken in the distribution
system exceed the MRDL, the system
will be in nonacute violation of the
MRDL and must take immediate
corrective action to lower the
occurrence of chlorine dioxide below
the MRDL. Failure to monitor at the
entrance to the distribution system on
the day following an exceedance of the
chlorine dioxide MRDL shall also be
considered a nonacute MRDL violation.

EPA has identified the best means
available for achieving compliance with
the MRDL for chlorine dioxide as
control of treatment processes to reduce
disinfectant demand, and control of
disinfection treatment processes to
reduce disinfectant levels.

b. Background and Analysis. EPA
proposed an MRDL for chlorine dioxide
of 0.8 mg/L in 1994. The MRDL was
determined considering the tradeoffs
between chemical toxicity and the
beneficial use of chlorine dioxide as a
disinfectant. The Reg. Neg. Committee
agreed to this MRDL with the
reservation that it would be revisited, if
necessary, after completion of a two-
generation reproductive study by CMA.

As discussed above for chlorite, a
two-generation reproductive study on
chlorite, which is relevant to health
effects of chlorine dioxide, was
completed by the CMA. EPA completed
its review of this study and published
its findings in a NODA in March 1998
(EPA, 1998a). Based on its assessment of
the CMA study and a reassessment of
the noncancer health risk for chlorite
and chlorine dioxide, EPA concluded
that the MRDLG for chlorine dioxide be
changed from 0.3 mg/L to 0.8 mg/L.

Since this new MRDLG was equal to the
proposed MRDL for chlorine dioxide,
the MRDL will remain 0.8 mg/L.

¢. Summary of Comments. A number
of commenters were concerned that the
MRDL for chlorine dioxide not be
lowered below the proposed level of 0.8
mg/L because this would preclude the
use of chlorine dioxide as a water
disinfectant. One commenter supported
the MRDL for chlorine dioxide based on
public health protection, adequate
microbial protection, and technical
feasibility. One commenter agreed that a
running annual average of samples for
compliance determination should not be
allowed for chlorine dioxide. One
commenter was concerned that the
chlorine dioxide MRDL was too high
and that EPA should consider children
and vulnerable populations in
establishing drinking water standards.

EPA has reassessed the health effects
data on chlorine dioxide, including the
new CMA two-generation study and
determined that the MRDL should
remain at 0.8 mg/L as proposed. EPA
believes that this MRDL is set at a
technically feasible level for the
majority of chlorine dioxide plants. This
is the case because EPA considered
children and susceptible populations in
its MRDLG determination (EPA, 1998h).
The MRDL is set as close to this MRDLG
as is technically and economically
feasible.

D. Treatment Technique Requirement
1. Today’s Rule

Today'’s rule establishes treatment
technique requirements for removal of
TOC to reduce the formation of DBPs by
means of enhanced coagulation or
enhanced softening. The treatment
technique applies to Subpart H systems
using conventional filtration treatment
regardless of size. Subpart H systems are
systems with conventional treatment
trains that use surface water or ground
water under the influence of surface
water as their source. The treatment
technique requirement has two steps of
application. Step 1 specifies the
percentage of influent TOC a plant must
remove based on the raw water TOC and
alkalinity levels. The matrix in Table
I11-1 specifies the removal percentages.

TABLE IlI-1.—REQUIRED REMOVAL OF TOTAL ORGANIC CARBON BY ENHANCED COAGULATION AND ENHANCED
SOFTENING FOR SUBPART H SYSTEMS USING CONVENTIONAL TREATMENT &pP

Source water TOC (mg/L)

Source water alkalinity (mg/L as CaCOs)

0-60 (percent)

>60-120 (per-
cent)

>120¢ (per-
cent)

35.0 25.0 15.0
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TABLE |lI-1.—REQUIRED REMOVAL OF TOTAL ORGANIC CARBON BY ENHANCED COAGULATION AND ENHANCED
SOFTENING FOR SUBPART H SYSTEMS USING CONVENTIONAL TREATMENT &b—Continued

Source water alkalinity (mg/L as CaCO3)

Source water TOC (mg/L) _ -
0-60 (percent) >60—Clle?t)(per >12£ecng) er

45.0 35.0 25.0

50.0 40.0 30.0

aSystems meeting at least one of the conditions in Section 141.135(a)(2) (i)—(vi) of the rule are not required to meet the removals in this table.
bSoftening systems meeting one of the two alternative compliance criteria in Section 141.135(a)(3) of the rule are not required to meet the re-

movals in this table.

cSystems practicing softening must meet the TOC removal requirements in the last column to the right.

Step 2 provides alternate performance
criteria when it is technically infeasible
for systems to meet the Step 1 TOC
removal requirements. For systems
practicing enhanced coagulation, Step 2
of the treatment technique requirement
is used to set an alternative TOC
removal requirement (i.e. alternative
percent removal of raw water TOC) for
those systems unable to meet the TOC
removal percentages specified in the
matrix. The alternative TOC removal
percentage is determined by performing
jar tests on at least a quarterly basis for
one year. During the jar tests, alum or
an equivalent dose of ferric coagulant is
added in 10 mg/L increments until the
pH is lowered to the target pH value.
The target pH is the value the sample
must be at or below before the
incremental addition of coagulant can
be discontinued. For the alkalinity
ranges 0-60, >60-120, >120-240, and
>240 mg/L (as CaCOg), the target pH
values are 5.5, 6.3, 7.0, and 7.5,
respectively. Once the Step 2 jar test is
complete, the TOC removal (mg/L) is
then plotted versus coagulant dose (mg/
L). The alternative TOC removal
percentage is set at the point of
diminishing returns (PODR) identified
on the plot.

Today’s rule defines the PODR as the
point on the TOC versus coagulant dose
plot where the slope changes from
greater than 0.3/10 to less than 0.3/10
and remains less than 0.3/10. After
identifying the PODR, the alternative
TOC removal percentage can be set. If
the TOC removal versus coagulant dose
plot does not meet the PODR definition,
the water is considered not amenable to
enhanced coagulation and TOC removal
is not required if the PWS requests, and
is granted, a waiver from the enhanced
coagulation requirements by the State.
Systems are required to meet the
alternative TOC removal requirements
during full-scale operation to maintain
compliance with the treatment
technique. For the technical reasons
outlined in the 1997 DBP NODA (EPA
1997b), EPA has concluded that this
definition of the PODR is a reliable

indicator of the amount of TOC that is
feasible to remove.

Systems practicing enhanced
softening are not required to perform jar
testing under today’s treatment
technique as part of a Step 2 procedure.
Rather, they are required to meet one of
three alternative performance criteria if
they cannot meet the Step 1 TOC
removal requirements. These criteria
are: (1) Produce a finished water with a
SUVA of less than or equal to 2.0 L/mg-
m; (2) remove a minimum of 10 mg/L
magnesium hardness (as CaCOg3); or (3)
lower alkalinity to less then 60 mg/L (as
CaCOs3). All three of these alternative
performance criteria are measured
monthly and can be calculated quarterly
as a running annual average to
demonstrate compliance. As discussed
in the 1997 DBP NODA (EPA 1997b)
EPA has not been able, from a technical
and engineering standpoint, to identify
a Step 2 testing procedure at this time
that allows softening systems to set an
alternative TOC removal amount.
Enhanced softening systems unable to
meet the Step 1 TOC removal
requirements or any of the three
alternative performance criteria may
apply to the State for a waiver from the
treatment technique requirements. EPA
believes the three alternative
performance criteria listed above
provide assurance that softening
systems have maximized TOC removal
to the extent feasible.

Today'’s rule also provides alternative
compliance criteria—which are separate
and independent of the Step 2 enhanced
coagulation procedure and the
enhanced softening alternative
performance criteria—from the
treatment technique requirements
provided certain conditions are met.
These criteria are:

(1) the system’s source water TOC is
<2.0 mg/L;

(2) the system’s treated water TOC is
<2.0 mg/L;

(3) the system’s source water TOC
<4.0 mg/L, its source water alkalinity is
>60 mg/L (as CaCOs3), and the system is
achieving TTHM <40ug/L and HAAS

<30ug/L (or the system has made a clear
and irrevocable financial commitment
to technologies that will meet the TTHM
and HAA level);

(4) the system’s TTHM is <40ug/L,
HAADS is <30ug/L, and only chlorine is
used for primary disinfection and
maintenance of a distribution system
residual,;

(5) the system’s source water SUVA
prior to any treatment is < 2.0 L/mg-m;
and

(6) the system’s treated water SUVA is
<2.0 L/mg—-m.

Alternative compliance criteria 1, 2, 5,
and 6 are determined based on monthly
monitoring calculated quarterly as a
running annual average of all
measurements. Alternative compliance
criteria 3 is based on monthly
monitoring for TOC and alkalinity or
quarterly monitoring for TTHMs and
HAADS5, calculated quarterly as a running
annual average of all measurements.
Alternative criteria 4 is determined
based on monitoring for TTHMs and
HAADS5, calculated quarterly as a running
annual average of all measurements.
SUVA, an indicator of DBP precursor
removal treatability, is defined as the
UV-254 (measured in m—1) divided by
the DOC concentration (measured as
mg/L).

2. Background and Analysis

The general structure of the 1994
proposed rule and today’s final rule are
similar. The 1994 proposal included an
enhanced coagulation and enhanced
softening treatment technique
requirement for Subpart H systems. The
1994 proposed rule included a TOC
removal matrix for Step 1 TOC removal
requirements and it also provided for a
Step 2 jar test procedure for systems
practicing enhanced coagulation. The
PODR for the Step 2 procedure was
defined as a slope of .3/10 on the TOC
removal versus coagulant dose plot. The
Step 2 procedure included a maximum
pH value, now referred to as the “‘target
pH” for conducting the jar tests and it
also allowed systems to request a waiver
from the State if the PODR was never
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attained. The target pH values in the
1994 proposal were the same as those in
today’s final rule. A Step 2 procedure
for enhanced softening systems was not
specified in the proposal.

The proposed rule also provided for a
number of exceptions to the enhanced
coagulation and enhanced softening
requirements, but it did not include use
of SUVA as an alternative compliance
criteria.

A major goal of the TOC removal
treatment technique requirements was
to minimize transactional costs to the
States both in terms of limiting the
number of systems seeking alternative
performance criteria and in providing
relatively simple methodologies for
determining alternative performance
criteria. In the 1997 DBP NODA (EPA
1997b), EPA presented new data and
analysis and the basis for modifying the
proposed criteria to those described in
today’s final rule. The 1997 NODA also
solicited public comment on EPA’s
intended changes to the proposal and
the recommendations of the M—-DBP
Advisory Committee to EPA. An
overview of the key points in the 1997
NODA most pertinent to modifying the
treatment technique requirements are
presented below.

Data Supporting Changes in the TOC
Removal Requirements. The proposed
TOC removal percentages, which were
set with the intent that 90% of affected
systems would be able to achieve them,
were developed with limited data. Since
the proposal, several jar studies and
analyses of full-scale plant TOC removal
performance have been performed. They
were analyzed by EPA as part of the M—
DBP Advisory Committee process. This
data will not be thoroughly reviewed
here; instead, the major points salient to
development of the final regulation will
be summarized. See the 1997 DBP
NODA (EPA 1997b) to review EPA’s
detailed analysis of the new data.

As discussed in greater detail in the
1997 DBP NODA, research by Singer et
al. (1995) indicated that a significant
number of waters, especially low-TOC,
high-alkalinity waters in the first row of
the proposed TOC removal matrix,
would probably not be able to meet the
TOC removal percentages and would
therefore need to use the Step 2 protocol
to establish alternative performance
criteria. The Singer et al. (1995) study
raised concern regarding the number of
systems that might need to use the Step
2 procedure to set alternative
performance criteria. A study by
Malcolm Pirnie, Inc. and Colorado
University addressed this issue by
developing a nationally representative
database of 127 source waters and used
this data to develop a model to predict

enhanced coagulation’s ability to
remove TOC from different source
waters (Edwards, 1997; Tseng &
Edwards, 1997; Chowdhury, 1997). The
model was subsequently used to analyze
the level or percentage of TOC removal
that is operationally feasible to achieve
for the boxes in the proposed TOC
removal matrix. Nine predictive
equations for TOC removal were
developed, one for each box of the TOC
removal matrix, to select TOC removal
percentages that could be “‘reasonably”
met by 90 percent of the systems
implementing enhanced coagulation.
The equations indicated that many
systems having source waters within the
low TOC boxes of the matrix (i.e. 2.0—
4.0 mg/L, the first row of the matrix)
would meet the Step 2 slope criterion
before meeting the required TOC
removal percentages. In other words,
less than 90 percent of the systems in
this row could achieve the proposed
TOC removal with reasonable coagulant
doses. The equations indicated that the
TOC removal percentages in the
medium and high TOC boxes (the
bottom two rows of the matrix) could be
met by approximately 90 percent of the
systems in these boxes. The research
team also examined 90th-percentile
SUVA curves, in conjunction with the
nine TOC removal curves, to predict
what TOC removal percentage is
appropriate for each of the nine boxes
of the matrix.

An analysis of full-scale TOC removal
has also been performed since 1994.
Data was obtained from 76 treatment
plants of the American Water Works
Service Company (AWWSCo) system,
plants studied by Randtke et al. (1994),
and plants studied by Singer et al.
(1995). These data represent a one-time
sampling at each plant under current
operating conditions when enhanced
coagulation was not being practiced.
This sampling is different from the
proposed compliance requirements
which would be based on an annual
average of monthly samples. Based on
current treatment at the plants in the
study, 83 percent of the systems treating
moderate-TOC, low-alkalinity water
removed an amount of TOC greater than
that required by the TOC removal
matrix, whereas only 14 percent of the
systems treating water with low TOC
and high alkalinity met the proposed
TOC removal requirements. The results
of the survey, coupled with the
information discussed in the preceding
paragraph, indicate that the proposed
TOC removal percentages in the top row
of the matrix might be too high for 90
percent of plants to avoid the Step 2
procedure, while the removal

percentages in the bottom two rows may
be reasonable and allow 90 percent of
plants to avoid the Step 2 procedure.
Therefore, the TOC removal percentages
in the first row have been lowered 5.0
percentage points to enable 90 percent
of plants to comply without
unreasonable coagulant dosage or
resorting to the Step 2 procedure.

Data Supporting the Use of SUVA as
an Exemption from Treatment
Technique Requirements. At the time of
the proposal, insufficient data on SUVA
was available to define precise criteria
for when enhanced coagulation would
not be effective for removing DBP
precursors. The M-DBP Advisory
Committee examined the role of SUVA
as an indicator of the amount of DBP
precursor material enhanced
coagulation is capable of removing. It
has been well established that
coagulation primarily removes the
humic fraction of the natural organic
matter (NOM) in water (Owen et al.,
1993). Furthermore, Edzwald and Van
Benschoten (1990) have found SUVA to
be a good indicator of a water’s humic
content. The humic fraction of a water’s
organic content significantly affects DBP
formation upon chlorination.

A study by White et al. (1997) showed
that waters with high initial SUVA
values exhibited significant reductions
in SUVA as a result of coagulation,
demonstrating a substantial removal of
the humic (and other UV-absorbing)
components of the organic matter,
whereas waters with low initial SUVA
values exhibited relatively low
reductions in SUVA. For all of the
waters examined, the SUVA tended to
plateau at high alum doses, reflecting
that the residual organic matter was
primarily non-humic and therefore
unamenable to removal by enhanced
coagulation. SUVA'’s ability to indicate
the amount of humic matter present,
and enhanced coagulation’s ability to
preferentially remove humic matter,
logically establishes SUVA as an
indicator of enhanced coagulation’s
ability to remove humic substances from
a given water. The M—DBP Advisory
Committee therefore recommended that
a SUVA value <2.0 L/mg—m be an
exemption from the treatment technique
requirement and that this SUVA value
also be added as a Step 2 procedure.

Effect of Coagulant Dose on TOC
Removal for Enhanced Softening. At the
time of proposal, limited data was
available on the effectiveness of TOC
removal by enhanced coagulation and
enhanced softening and on conditions
that define feasibility. Several studies
examined the relationship between
increased coagulant dose and TOC
removal (Shorney et al., 1996; Clark et
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al. 1994). These studies indicate some
improvement in TOC removal with
small doses of iron salts (5 mg/L ferric
sulfate), but no additional TOC removal
during softening occurred with
increased coagulant addition (up to 25
mg/L dose). Pilot testing by the City of
Austin’s softening plant confirmed the
study’s jar test results by showing that
increasing ferric sulfate doses beyond
the level required for turbidity removal
provided no additional TOC removal.

Multiple jar tests on various waters
performed by Singer et al. (1996)
examined the relationship between use
of lime and soda ash and TOC removal.
Only lime and soda ash (no coagulants)
were used in the tests. The study
showed the removal of 10 mg/L of
magnesium hardness would probably
have less of an impact on plant residual
generation than using a lime soda-ash
process. However, the amount of
residual material generated under both
scenarios could be substantial.

Step 2 Requirements for Softening
Systems. As stated above, the proposed
rule did not include a Step 2 procedure
for softening plants because of a lack of
data. The M-DBP Advisory Committee
examined new data that had been
collected since the proposal to
determine if a Step 2 procedure for
softening plants could be identified.
Data included the current TOC removals
being achieved by softening plants
covered by the ICR (49 plants). The data
were analyzed to find the appropriate
TOC removal levels for softening plants.
The results of plotting the average TOC
percent removals on a percentile basis
indicated that the relative impact of
meeting the TOC removal requirement
in the proposed rule would be greatest
in the low TOC group (>2—4 mg/L).
However, forcing a plant to increase pH
may require it to add soda ash (due to
the decrease in alkalinity caused by
high lime dose necessary to raise the
pH). This would be a significant
treatment change due to the additional
solids generation and because
significant amounts of magnesium
hydroxide may precipitate at the higher
pH. Most softening plants are normally
operated without soda ash addition
because of the high cost of soda ash, the
additional sludge production, the
increased chemical addition to stabilize
the water, and the increased sodium
levels in the finished water (Randtke et
al., 1994 and Shorney et al., 1996). Due
to these difficulties, EPA does not
currently believe that a lime and soda-
ash softening process would be a viable
Step 2 procedure for softening systems.
The final rule instead specifies two
alternative compliance criteria,

mentioned earlier in this section, as a
Step 2 procedure for softening systems.

3. Summary of Comments

A large number of comments on the
1994 proposal questioned whether the
required TOC removal percentages
could be obtained by 90 percent of
affected systems. In response, since the
time of proposal, a large body of
additional data and analysis has been
developed to help address this question.
The analyses discussed above showed
that the top row of the TOC removal
matrix needed to be lowered by 5.0
percentage points to enable 90 percent
of systems within the row to achieve the
required TOC removal without
unreasonable coagulant doses. Analysis
also showed the TOC removal
percentages contained in the two lower
rows of the TOC removal matrix
accurately reflected the TOC removal 90
percent of these systems could remove.
EPA believes the final TOC removal
matrix, which includes the adjustments
to the top row mentioned above,
accurately reflects the TOC removal that
90 percent of the systems affected by the
rule could practically achieve.

Commenters questioned why systems
that meet the DBP Stage 1 MCLs for
TTHM and HAAS5 must still practice
enhanced coagulation. The enhanced
coagulation treatment technique is
designed to remove DBP precursor
material to help reduce the risks posed
by DBPs. Also, EPA believes that
enhanced coagulation would reduce the
number of systems switching to
alternative disinfectants, which was a
goal of the Reg. Neg. Committee. EPA
believes that even if systems are meeting
the MCLs, an additional risk reduction
benefit can be achieved through removal
of DBP precursor material at a relatively
low cost to the system. Therefore,
systems that meet the MCLs must still
practice enhanced coagulation to
decrease the risks posed by DBPs in
general.

The Agency received numerous
comments on the 1994 proposal that
expressed doubt regarding the definition
of the PODR. Specifically, the
commenters stated that the accuracy of
the slope criterion (0.3 mg/L TOC
removed per 10 mg/L coagulant added)
for determining the PODR was not
supported with adequate data. The data
developed since the proposal and the
corresponding analysis demonstrate that
the slope criterion accurately predicts
the PODR. The analyses discussed
above showed that there is a particular
relationship between SUVA and the
slope criterion, namely, that they both
predict the PODR at the same point of
the TOC removal versus coagulant dose

curve. Since SUVA is a very good
predictor of the humic fraction of TOC,
which is the fraction preferentially
removed by enhanced coagulation, and
the PODR predicted by SUVA and the
slope criterion agree, EPA believes the
slope criterion of 0.3 mg/L TOC removal
per 10 mg/L of coagulant addition
accurately predicts the PODR.

The majority of commenters did not
support requiring the use of bench-scale
filtration as part of the Step 2 enhanced
coagulation procedure. The commenters
generally believed that using filtration at
bench scale is of limited value because
the great majority of TOC is removed via
sedimentation, not through filtration.
Additionally, some commentors felt that
attempting to replicate full-scale
filtration at bench scale can contain
inherent inaccuracy. EPA generally
agrees that a Step 2 filtration procedure
should not be required. The Agency
believes that most of the TOC removed
by conventional treatment plants is
removed in the sedimentation basin
rather than in the filters. Therefore,
requiring a bench-scale filtration
procedure as part of Step 2 testing will
not increase the accuracy of the
procedure or its value to the treatment
technique implementation. Accordingly,
today’s final rule does not require the
use of a bench scale filtration procedure
during Step 2 enhanced coagulation
testing. Detailed guidance on
conducting the Step 2 testing will be
provided in the Guidance Manual for
Enhanced Coagulation and Enhanced
Precipatative Softening.

Commenters expressed varied
opinions regarding the frequency of
Step 2 testing. Several commenters
stated that the rule should not set a
minimum testing frequency, but that it
should be left to State discretion based
on source water characteristics. Other
commenters believed a minimum of
quarterly monitoring should be required
with a provision for more frequent
testing to address source water quality
events. EPA believes that Step 2 testing
frequency should be related to seasonal
and other variations in source water
quality as these variations may
influence the amount of TOC removal
the treatment plant can achieve.
Accordingly, EPA recommends that
systems utilizing the Step 2 procedure
for compliance perform Step 2 testing
quarterly for one year after the effective
data of the rule. The system may then
apply to the State to reduce testing to a
minimum of once per year. If the State
does not approve the request for
reduced testing frequency, the system
must continue to test quarterly.
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E. Predisinfection Disinfection Credit

1. Today’s Rule

Today’s rule does not impose any
constraints on the ability of systems to
practice predisinfection and take
microbial inactivation credit for
predisinfection to meet the disinfection
requirements of the SWTR. Utilities are
free to take disinfection credit for
predisinfection, regardless of the
disinfectant used, for disinfection that
occurs after the last point the source
water is subject to surface water run-off
and prior to the first customer.

2. Background and Analysis

The 1994 proposed Stage 1 DBPR
(EPA,1994a) discouraged the use of
disinfectants prior to precursor
(measured as TOC) removal by not
allowing compliance credit for the
SWTR’s disinfection requirements to be
taken prior to removal of a specified
percentage of TOC. The proposed
IESWTR options were intended to
include microbial treatment
requirements to prevent increases in
microbial risk due to the loss of
predisinfection credit. These options
were to be implemented simultaneously
with the Stage 1 DBPR. The purpose of
not allowing predisinfection credit was
to maximize removal of organic
precursors (measured as TOC) prior to
the addition of a disinfectant, thus
lowering the formation of DBPs.

Many drinking water systems use
preoxidation to control a variety of
water quality problems such as iron and
manganese, sulfides, zebra mussels,
Asiatic clams, and taste and odor. The
1994 proposed rule did not preclude the
continuous addition of oxidants to
control these problems. However, the
proposed regulation, except under a few
specific conditions, did not allow credit
for compliance with disinfection
requirements prior to TOC removal.
Analysis supporting the proposed rule
concluded that many plants would be
able to comply with the Stage 1 MCLs
for THMs and HAAGS of 0.080 mg/L and
0.060 mg/L, respectively, by reductions
in DBP levels as a result of reduced
disinfection practice in the early stages
of treatment. Also, enhanced
coagulation and enhanced softening
were thought to lower the formation of
other unidentified DBPs as well. The
1994 proposal assumed that addition of
disinfectant prior to TOC removal
would initiate DBP formation through
contact of the chlorine with the TOC,
effectively eliminating the value of
enhanced coagulation for DBP
reduction. Finally, the analysis
underlying the 1994 proposed
elimination of the preoxidation credit

assumed that the addition of
disinfectant was essentially “mutually
exclusive” to the goal of reducing DBP
formation by the removal of TOC. As
discussed below, new data developed
since 1994 suggest this may not be the
case.

Reasons for Disinfectant Use. In order
to obtain information on the impact that
disallowing predisinfection would have
on utilities’ disinfection practices, a
survey was sent out to ICR utilities to
obtain information on their current
predisinfection practices. The results of
the survey of 329 surface water
treatment plants indicated that 80
percent (263) of these plants use
predisinfection for one or more reasons.
The survey indicated that the majority
of the plants using predisinfection were
doing so for multiple reasons. However,
the main reason reported for
predisinfection was microbial
inactivation. Algae control, taste and
odor control, and inorganic oxidation,
in that order, were the next most
frequently cited reasons for practicing
predisinfection. Seventy-seven percent
of plants that predisinfected reported
that their current levels of Giardia
lamblia inactivation would be lowered
if predisinfection was discontinued and
no subsequent additional disinfection
was added to compensate for change in
practice. Eighty-one percent of plants
that predisinfected would have to make
major capital investments to make up
for the lost logs of Giardia lamblia
inactivation. For example, to maintain
the same level of microbial protection
currently afforded, construction to
provide for additional contact time or
use of a different disinfectant might be
needed if predisinfection credit was
eliminated.

In addition to the ICR mail survey,
results from EPA’s Comprehensive
Performance Evaluations (CPE) from 307
PWSs (4 to 750 mgd) reported that 71%
of the total number of plants used
predisinfection and 93% of those that
predisinfected used two or three
disinfectant application points during
treatment.

Based on the above information, EPA
believes that predisinfection is used by
a majority of PWSs for microbial
inactivation, as well as other drinking
water treatment objectives. Therefore,
disallowing predisinfection credit could
influence systems to make changes in
treatment to comply with the
disinfection requirements of the SWTR
or to maintain current levels of
microbial inactivation.

Impact of Point of Chlorination on
DBP Formation. The results of a study
by Summers et al. (1997) indicate that
practicing enhanced coagulation, while

simultaneously maintaining
prechlorination, can still result in
decreased DBP formation (especially for
TOX and TTHM). Greater benefits are
realized by moving the point of
chlorination to post-rapid mixing or
further downstream for HAA5S control,
and to mid-flocculation or post-
sedimentation for TOX and TTHM
control. These data show that the
assumption made in the 1994 proposal,
namely that application of any
disinfectant prior to TOC removal
would critically effect DBP formation,
was not accurate. The data indicate that
simultaneous employment of enhanced
coagulation and predisinfection does
not necessarily mean that DBP
formation cannot be substantially
controlled (see EPA 1997b for detailed
analysis).

Impact on Softening Plants. In order
to obtain additional information on the
current TOC removals being achieved
by softening plants, a survey was sent to
all the ICR softening utilities (49 plants)
requesting that they fill out a single page
of information with yearly average,
maximum and minimum values for
multiple operating parameters for each
softening plant. The survey showed that
in spite of the fact that 78 percent of
softening plants are using free chlorine
for at least a portion of their
disinfection, 90 percent of plants are
currently meeting an 80 pg/L MCL level
for TTHMS. All the softening plants
reported average HAAS levels below 60
pg/L. Without predisinfection credit,
these plants may have to provide
disinfection contact time after
sedimentation, which could mean
significantly increasing the free chlorine
contact time to make up for a shortened
detention time.

3. Summary of Comments

Most commenters stated that the
proposed elimination of predisinfection
would result in many plants not being
able to maintain existing levels of
disinfection or comply with the SWTR
disinfection requirements without
making significant compensatory
changes in their disinfection practice.
Commenters were concerned that
without predisinfection the level of
microbial risk their customers were
exposed to could significantly increase,
and that eliminating microbial
inactivation credit for predisinfection to
comply with the SWTR might influence
utilities to abandon predisinfection to
more easily comply with the TTHM and
HAAS MCLs. EPA agrees with this
concern and therefore the final rule has
been modified from the proposal to
allow predisinfection credit.



Federal Register/Vol. 63, No. 241/Wednesday, December 16, 1998/Rules and Regulations

69417

F. Requirements for Systems to Use
Qualified Operators

EPA believes that systems that must
make treatment changes to comply with
requirements to reduce the
microbiological risks and risks from
disinfectants and disinfection
byproducts should be operated by
personnel who are qualified to
recognize and react to problems.
Therefore, in today’s rule, the Agency is
requiring that all systems regulated
under this rule be operated by an
individual who meets State specified
qualifications, which may differ based
on size and type of the system. Subpart
H systems already are required to be
operated by qualified operators under
the provisions of the SWTR (40 CFR
141.70(c)). Current qualification or
certification programs developed by the
States should, in many cases, be
adequate to meet this requirement for
Subpart H systems. Also, States must
maintain a register of qualified
operators.

EPA encourages States which do not
already have operator certification
programs in effect to develop such
programs. The Reg. Neg. Committee and
TWG believed that properly trained
personnel are essential to ensure safer
drinking water. States with existing
operator certification programs may
wish to update their programs for
qualifying operators under the SWTR. In
these cases, States may wish to indicate
that their operator certification
programs are being developed in
accordance with EPA’s new guidelines.

G. Analytical Methods

1. Today’s Rule

Chlorine (Free, Combined, and Total).
Today'’s rule approves four methods for
measuring free, combined, and total
chlorine to determine compliance with
the chlorine MRDL (using either free or
total chlorine) and chloramines MRDL
(using either combined or total
chlorine): ASTM Method D1253—-86
(ASTM, 1996), Standard Methods 4500—
CI D (APHA, 1995), 4500-CI F (APHA,
1995), and 4500-CI G (APHA, 1995).
Additionally, this rule approves two
methods for measuring total chlorine to
determine compliance with the chlorine
MRDL and chloramines MRDL.:
Standard Methods 4500-CI E (APHA,
1995) and 4500—ClI | (APHA, 1995). The
rule also contains an additional method
for measuring free chlorine to determine
compliance with the chlorine MRDL:
Standard Method 4500-Cl H (APHA,
1995).

Chlorine Dioxide. Today’s rule
approves two methods for determining
compliance with the chlorine dioxide

MRDL: Standard Methods 4500-CIO, D
(APHA, 1995) and 4500-CIO; E (APHA
1995). EPA did not approve Standard
Method 4500-CIO, C (APHA, 1995),
which was included in the 1994
proposed rule. The Agency determined,
in concurrence with the majority of
commenters on this issue, that Standard
Method 4500-CIO- C is outdated and
inaccurate in comparison to chlorine
dioxide methods approved in today’s
rule and is inadequate for compliance
monitoring.

TTHM. Today’s rule approves three
methods for determining compliance
with the TTHM MCL: EPA Methods
502.2 (EPA, 1995), 524.2 (EPA, 1995),
and 551.1 (EPA, 1995).

HAAS. Today’s rule approves three
methods for determining compliance
with the HAA5 MCL: EPA Methods
552.1 (EPA, 1992) and 552.2 (EPA,
1995) and Standard Method 6251B
(APHA, 1995).

Bromate. Today’s rule approves a
method for determining compliance
with the bromate MCL: EPA Method
300.1 (EPA, 1997¢). EPA has
demonstrated this method to be capable
of quantifying bromate at the MCL of 10
pg/L under a wide range of solution
conditions. EPA did not approve EPA
Method 300.0 (EPA, 1993b) for bromate
analysis, although this method was
included for analysis of bromate in the
1994 proposed rule. As stated in the
proposed rule, EPA Method 300.0 is not
sensitive enough to measure bromate at
the MCL established in today’s rule.
EPA Method 300.1 was developed
subsequent to the proposed rule in order
to provide a method with adequate
sensitivity to assess bromate
compliance.

Chlorite. Today’s rule approves two
methods for determining compliance
with the chlorite MCL: EPA Methods
300.0 (EPA, 1993b) and 300.1 (EPA,
1997e). As described elsewhere in
today’s rule, chlorite compliance
analyses are made on samples taken in
the distribution system during monthly
monitoring, or during additional
distribution system monitoring as
required. Today’s rule establishes the
following method for daily monitoring
of chlorite: Standard Method 4500-CIO»
E (APHA, 1995), amperometric titration.
As stated elsewhere in today’s rule,
daily monitoring of chlorite is
conducted on samples taken at the
entrance to the distribution system.
Commenters supported the use of
amperometric titration as a feasible
method for daily monitoring of chlorite.

TOC. Today’s Rule approves three
methods for TOC analysis: Standard
Methods 5310 B, 5310 C, and 5310 D,
as published in the Standard Methods

19th Edition Supplement (APHA, 1996).
EPA believes that all of these methods
can achieve the precision and detection
level necessary for compliance
determinations required in today’s rule
when the quality control (QC)
procedures contained in the method
descriptions and this rule are followed.
However, while any of these methods
may be used, EPA advises that a
consistent method be employed for all
measurements in order to reduce the
impact of possible instrument bias.

In accordance with the concerns of
commenters, today’s rule requires
certain QC procedures for TOC analyses
in addition to those contained in the
method descriptions. These additional
QC steps are designed to increase the
integrity of the analysis and have been
found to be effective in data collection
under the ICR. Filtration of samples
prior to TOC analysis is not permitted,
as this could result in removal of
organic carbon. Where turbidity
interferes with TOC analysis, samples
should be homogenized and, if
necessary, diluted with organic-free
reagent water. TOC samples must either
be analyzed or must be acidified to
achieve pH less than 2.0 by minimal
addition of phosphoric or sulfuric acid
as soon as practical after sampling, not
to exceed 24 hours. Samples must be
analyzed within 28 days.

SUVA (Specific Ultraviolet
Absorbance). Today’s rule establishes
SUVA as an alternative criterion for
demonstrating compliance with TOC
removal requirements contained in
today’s rule. SUVA is a calculated
parameter defined as the UV absorption
at 254 nm (UVzs4) (Measured as m—1)
divided by the DOC concentration
(measured as mg/L). If the UV
absorption is first determined in units of
cm—1, the SUVA equation is multiplied
by 100 to convert to m—1, as shown
below:

SUVA =100 (cm/m) [UVzs4 (cm—1)/DOC
(mg/L)]

Two separate analytical methods are
necessary to make this measurement:
UV2s4 and DOC. Today’s rule approves
three methods for DOC analysis:
Standard Methods 5310 B, 5310 C, and
5310 D, as published in the Standard
Methods 19th Edition Supplement
(APHA, 1996); and approves Standard
Method 5910 B (APHA, 1995) for UVasa
analysis.

The final rule contains QC steps for
the SUVA analyses that are required in
addition to those mandated in the
method descriptions. These
requirements were developed in
response to comments solicited by EPA
in the 1997 DBP NODA (EPA, 1997b)
and are as follows:
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—sample acquisition (DOC and UV 254
samples used to determine a SUVA
value must be taken at the same time
and at the same location. SUVA must
be determined on water prior to the
addition of disinfectants/oxidants.)

—sample preservation (DOC samples
must either be analyzed or must be
acidified to achieve pH less than 2.0
by minimal addition of phosphoric or
sulfuric acid as soon as practical after
sampling, not to exceed 48 hours. The
pH of UV2s4 samples may not be
adjusted.)

—holding times (DOC samples must be
analyzed within 28 days of sampling.
UV2s4 samples must be analyzed as

soon as practical after sampling, not
to exceed 48 hours.)

—filtration (Prior to analysis, UV2s4 and

DOC samples must be filtered through

a 0.45 um pore-diameter filter. DOC
samples must be filtered prior to
acidification.)

—background concentrations in the
filtered blanks (Water passed through
the filter prior to filtration of the
sample must serve as the filtered
blank. This filtered blank must be
analyzed using procedures identical
to those used for analysis of the
samples and must meet the following
criteria: TOC <0.5 mg/L.)

Bromide. Today’s rule approves the
following two methods for monitoring
bromide: EPA Methods 300.0 (EPA,
1993b) and 300.1 (EPA, 1997e).

Alkalinity. Today’s rule approves
three methods for measuring alkalinity:
ASTM Method D1067-92B (ASTM,
1994), Standard Method 2320 B (APHA,
1995), and Method 1-1030-85 (USGS,
1989).

pH. Today’s rule requires the use of
methods that have been previously
approved in §141.23(k) for
measurement of pH.

Approved analytical methods are
summarized in Table I11-2.

TABLE 111-2.—APPROVED ANALYTICAL METHODS

Analyte

EPA method

Standard method Other

Chlorine (free, combined, total) ..........cccceeveenne.

(Total)

(FrBE) ettt

Chlorine Dioxide

Bromate ........cccociiiiiii
Chlorite (monthly) .......ccooooiiiiiiii e,

(Daily)
TOC/DOC

UV254 it

Bromide

AIKAINILY ..o

150.1
150.2

4500-CI D
4500-CI F
4500-Cl G
4500-Cl E
4500-Cl |
4500-Cl H
4500-ClO2 D
4500-ClOz E

ASTM D1253-8.

6251 B

4500-ClOz E
5310 B
5310 C
5310 D
5910 B

2320 B ASTM D1067—-
92B.

USGS I-1030-
85.

4500-H+B ASTM D1293-84.

2. Background and Analysis

Chlorine (Free, Combined, and Total).
In the 1994 proposed rule, EPA
included all Standard Methods for
analysis of free, combined, and total
chlorine that were approved in today’s
rule.

Chlorine Dioxide. The 1994 proposed
rule included the same three methods
for analyzing chlorine dioxide (ClOy)
that are approved under the SWTR and
ICR regulations. Two of these methods,
Standard Methods 4500.C10, C (APHA,
1992) and 4500.CIO; E (APHA, 1992),
are amperometric methods. The third
proposed method was Standard Method
4500.ClO, D (APHA, 1992), a
colorimetric test using the color

indicator N,N-diethyl-p-
phenylenediamine (DPD).

TTHM. The 1994 proposed rule
included three methods for the analysis
of TTHMs. They were EPA Methods
502.2, 524.2, and 551. In 1995, EPA
Method 551 was revised to EPA Method
551.1, rev. 1.0 (EPA, 1995), which was
approved for ICR monitoring under 40
CFR 141.142.

EPA Method 551.1 has several
improvements upon EPA Method 551.
The use of sodium sulfate is strongly
recommended over sodium chloride for
the MTBE extraction of DBPs. This
change was in response to a report
indicating elevated recoveries of some
brominated DBPs due to bromide

impurities in the sodium chloride (Xie,
1995). Other changes to EPA Method
551.1 include a buffer addition to
stabilize chloral hydrate, elimination of
the preservative ascorbic acid, and
modification of the extraction procedure
to minimize the loss of volatile analytes.
The revised method requires the use of
surrogate and other quality control
standards to improve the precision and
accuracy of the method.

HAAGS. The 1994 proposed rule
included two methods for the analysis
of five haloacetic acids—EPA Method
552.1 (EPA, 1992) and Standard Method
6233B (APHA, 1992). Both methods use
capillary column gas chromatographs
equipped with electron capture
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detectors. The two methods differ in the
sample preparation steps. EPA Method
552.1 uses solid phase extraction disks
followed by an acidic methanol
derivitization. Standard Method 6233B
is a small volume liquid-liquid (micro)
extraction with methyl-t-butyl ether,
followed by a diazomethane
derivitization. Following the proposed
rule, Standard Method 6233B was
revised and renumbered 6251B (APHA,
1995) to include bromochloroacetic
acid, for which a standard was not
commercially available in 1994.
Recognizing these improvements, EPA
approved Standard Method 6251B for
analysis under the ICR (40 CFR Part 141
or EPA, 1996a). Several commenters
requested that the revised and
renumbered method, Standard Method
6251B, also be approved for the analysis
of haloacetic acids under the Stage 1
DBPR.

In 1995 EPA published a third
method for HAAs, EPA Method 552.2
(EPA, 1995), and subsequently approved
it for HAA analysis under the 1996 ICR
(40 CFR Part 141 or EPA, 1996a). EPA
Method 552.2 is an improved method,
combining the micro extraction
procedure of Standard Method 6233B
with the acidic methanol derivitization
procedure of EPA Method 552.1. It is
capable of analyzing nine HAAs.

Bromate. The 1994 proposed rule
required systems that use ozone to
monitor for bromate ion. EPA proposed
EPA Method 300.0 (EPA, 1993b) for the
analysis of bromate and chlorite ions.
However, at the time of the proposal,
EPA was aware that EPA Method 300.0
was not sensitive enough to measure
bromate ion concentration at the
proposed MCL of 10 ug/L. EPA
recognized that modifications to the
method would be necessary to increase
the method sensitivity. Studies at that
time indicated that changes to the
injection volume and the eluent
chemistry would decrease the detection
limit below the MCL. Many commenters
to the 1994 proposal agreed that EPA
Method 300.0 was not sensitive enough
to determine compliance with a MCL of
10 pg/L bromate ion, given that MCLs
are typically set at 5 times the minimum
detection levels (MDLs).

Following the proposal, EPA
improved EPA Method 300.0 and
renumbered it as EPA Method 300.1
(EPA, 1997b). EPA Method 300.1
specifies a new, high capacity ion
chromatography (IC) column that is
used for the analysis of all anions listed
in the method, instead of requiring two
different columns as specified in EPA
Method 300.0. The new column has a
higher ion exchange capacity that
improves chromatographic resolution

and minimizes the potential for
chromatographic interferences from
common anions at concentrations
10,000 times greater than bromate ion.
For example, quantification of 5.0 pg/L
bromate is feasible in a matrix
containing 50 mg/L chloride.
Minimizing the interferences permits
the introduction of a larger sample
volume to yield method detection limits
in the range of 1-2 pg/L.

In the 1997 DBPR NODA (EPA,
1997b), EPA discussed EPA Method
300.1 and projected that by using it
laboratories would be able to quantify
bromate with the accuracy and
precision necessary for compliance
determination with an MCL of 10 pg/L.
Although there would be a limited
number of laboratories that would be
qualified to do such analyses, EPA
determined that there should be
adequate laboratory capacity for
bromate ion compliance monitoring by
the time the rule becomes effective.

Chlorite. The proposed rule required
systems using chlorine dioxide for
disinfection or oxidation to perform
monthly monitoring for chlorite ion in
the distribution system. EPA designated
EPA Method 300.0 (ion
chromatography) for chlorite analysis.
EPA considered other methods using
amperometric and potentiometric
techniques but decided that only the ion
chromatography method (EPA Method
300.0) would produce results with the
accuracy and precision needed for
determining compliance. Subsequent to
the proposed rule, EPA Method 300.0
was improved in order to achieve lower
detection limits for bromate ion and
renumbered as EPA Method 300.1.

TOC. To satisfy requirements of the
Stage 1 DBPR, the 1994 proposed rule
directed that a TOC analytical method
should have a detection limit of at least
0.5 mg/L and a reproducibility of £ 0.1
mg/L over a range of 2 to 5 mg/L TOC.
The proposed rule included two
methods for analyzing TOC: Standard
Methods 5310 C, which is the
persulfate-ultraviolet oxidation method,
and 5310 D, the wet-oxidation method
(APHA, 1992). These methods were
selected because, according to data
published in Standard Methods (APHA
1992), they could achieve the necessary
precision and detection limit. Standard
Method 5310 B, the high-temperature
combustion method, was considered but
not proposed because it was described
in Standard Methods (1992, APHA) as
having a detection limit of 1 mg/L. The
proposal stated that if planned
improvements to the instrumentation
used in Standard Method 5310 B were
successful, the next version would be
considered for promulgation. Revisions

of Standard Methods 5310 B, C, and D
were published in Standard Methods
19th Edition Supplement (APHA, 1996).
The revised version of Standard Method
5310 B recognized the capacity of
certain high temperature instruments to
achieve detection limits below 1 mg/L
using this method.

SUVA (Specific Ultraviolet
Absorbance). SUVA analytical methods
were not addressed in the 1994
proposed rule because SUVA had not
been developed and proposed as a
compliance parameter for TOC removal
requirements at that time. The analytical
methods and associated QC procedures
for DOC and UV2s4 approved in today’s
rule are those on which the Agency
solicited comment in the 1997 DBPR
NODA (EPA, 1997b).

Bromide. The 1994 proposed rule
included EPA Method 300.0 for analysis
of bromide. EPA believed that the
working range of this method
adequately covered the requirements
proposed for bromide monitoring. As
described above, EPA developed
Method 300.1 for improved bromate
analysis subsequent to the proposed
rule. EPA Method 300.1 can also
effectively measure bromide at the
concentration of 50 pg/L, required in
today’s rule for reduced monitoring of
bromate.

Alkalinity. The proposed rule
included all methods approved by EPA
for measuring alkalinity. These methods
have all been approved in today’s rule.

3. Summary of Comments

Following is a discussion of major
comments on the analytical methods
requirements of the Stage 1 DBPR.

Chlorine. A commenter to the 1994
proposal recommended approval of
ASTM method D1253-86. EPA
determined that this method is
equivalent to Standard Method 4500-Cl
D, and has approved this method in
today’s rule.

Chlorine Dioxide. EPA received
comments on the proposed rule
detailing weaknesses of the methods
selected to calculate ClO,. Commenters
pointed out that other halogenated
species, such as free chlorine,
chloramines, and chlorite, as well as
common metal ions (e.g. copper,
manganese, chromate) will interfere
with these methods. Additionally,
where these methods determine
concentrations by difference, they are
potentially inaccurate and subject to
propagation of errors. Commenters
specifically criticized Standard Method
4500-ClO, C (APHA 1995),
amperometric method I, which was
characterized as outdated and
inaccurate, and stated that Standard
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Method 4500-CIO> E (APHA 1995),
amperometric method 11, is a
substantially better method.
Consequently, in the 1997 DBP NODA,
EPA requested comment on removing
Standard Method 4500-CIO, C from the
list of approved methods for the
analysis of chlorine dioxide for
compliance with the MRDL.

Comments on the 1997 DBPR NODA
favored eliminating Standard Method
4500.Cl10O; C as an approved method for
ClO, compliance analysis. EPA does not
approve this method in today’s rule.
EPA recognizes that the two methods
approved for ClO, monitoring under
today’s rule are subject to interferences.
However, EPA believes that these
methods can be used effectively to
indicate compliance with the CIO»
MRDL when the quality control
procedures contained in the method
descriptions are followed. Several
commenters also encouraged EPA to
approve a more sensitive and specific
method for ClO; analysis, and suggested
alternative methods including Acid
Chrome Violet K, Lissamine Green B,
and Chlorophenol Red. While EPA
supports the development of improved
analytical methods for chlorine dioxide,
the Agency believes that at this time the
methods suggested by commenters have
not gone through the necessary
performance validation processes to
warrant their approval for compliance
monitoring.

Bromate. In the 1994 proposed rule,
EPA discussed the fact that the current
version of EPA Method 300.0 was not
sensitive enough to measure bromate
ion concentrations at the proposed MCL
and requested comment on
modifications to EPA Method 300.0 to
improve its sensitivity. In the 1997
NODA, EPA presented EPA Method
300.1 and requested comment on
replacing EPA Method 300.0 with EPA
Method 300.1 for the analysis of
bromate.

Commenters agreed that EPA Method
300.1 is a more sensitive method than
EPA Method 300.0 for low level bromate
analysis and the majority suggested that
EPA Method 300.1 be the approved
method for bromate analysis. One
commenter requested that
interlaboratory round-robin testing be
conducted before EPA Method 300.1 is
accepted for Stage 1 DBPR compliance
monitoring. EPA considers
interlaboratory round-robin testing of
EPA Method 300.1 to be unnecessary
because this method is essentially an
improvement of EPA Method 300.0
which is already approved. EPA Method
300.1 primarily makes use of a superior
analytical column to achieve increased
sensitivity for bromate analysis.

Moreover, the efficacy of EPA Method
300.1 in a wide range of sample
matrices is demonstrated by the
performance validation data contained
in the published method description.
Based on a review of all the public
comments, EPA is approving EPA
Method 300.1 for bromate analysis in
today’s rule.

Chlorite. EPA solicited comment in
the 1997 DBPR NODA on approving
EPA Method 300.1, in addition to EPA
Method 300.0, for compliance analysis
of chlorite. The majority of commenters
on this issue favored approval of both
methods and today’s rule establishes
both for determining compliance with
the chlorite MCL.

In the 1994 proposed rule, EPA
requested comment on changing
monitoring requirements for chlorite to
reflect concern about potential acute
health effects. Several commenters
stated that daily monitoring of chlorite
would be feasible if an amperometric
analytical method could be used.
Commenters suggested that daily
amperometric analyses for chlorite be
conducted on samples taken from the
entrance to the distribution system, and
that weekly or monthly analyses using
ion chromatography still be required as
a check, because ion chromatography is
a more accurate analytical method.
Commenters noted that daily
monitoring for chlorite would provide
improved operational control of plants
and reduce the likelihood of systems
incurring compliance violations.

Today'’s rule establishes amperometric
titration (Standard Method 4500-CIO,
E) for daily analyses of chlorite samples
taken at the entrance to the distribution
system, along with monthly (or
quarterly if reduced, or additional as
required), analyses by ion
chromatography (EPA Methods 300.0
and 300.1) of chlorite samples taken
from within the distribution system.
EPA believes that the ion
chromatography method, rather than the
amperometric method, should be used
for making chlorite compliance
determinations in the distribution
system due to its greater accuracy.
However, the amperometric method is
sufficient for the purposes of daily
monitoring at the entrance to the
distribution system, which are to
significantly aid in proper operational
control of a treatment plant and to
indicate when distribution system
testing is appropriate. For this reason,
only the ion chromatographic methods
(EPA Method 300.0 and 300.1), and not
the amperometric titration methods, are
approved in today’s rule for determining
compliance with the chlorite MCL.

A minority of commenters on this
issue suggested that the DPD method
(Standard Method 4500-CIO.; D (APHA
1995)) be approved for daily monitoring
of chlorite ion levels. EPA has
determined that the accuracy and
precision of the DPD method (Standard
Method 4500—ClO> D) in the
measurement of chlorite are
substantially worse than with Standard
Method 4500-CIO- E, and are
insufficient for this method to be used
for daily monitoring of chlorite. As a
consequence, EPA has not approved the
DPD method for chlorite monitoring in
today’s rule.

TOC. EPA received several comments
on the 1994 proposal requesting
approval of Standard Method 5310 B for
TOC compliance analysis. Commenters
stated that newer instrumentation could
achieve a detection limit of 0.5 mg/L
TOC using this method. Following the
publication of a revised version of
Method 5310 B in Standard Methods
19th Edition Supplement (APHA 1996)
which recognized the capacity of some
combustion based TOC analyzers to
achieve detection limits below 1 mg/L,
EPA requested comment on approving
Standard Method 5310 B, along with
Standard Methods 5310 C and 5310 D,
for the analysis of TOC in the 1997
DBPR NODA.

The majority of commenters on TOC
analysis urged EPA to approve all three
methods. Commenters were concerned,
though, that because these three
methods employ different processes to
oxidize organic carbon to carbon
dioxide, results from different TOC
analyzers could vary to a degree that is
of regulatory significance. Specifically,
the efficiency of oxidation of large
organic particles or very large organic
molecules such as tannins, lignins, and
humic acids may be lower with
persulfate based instruments (APHA
1996). Although available data
comparing different TOC methods is
limited, one study observed a persulfate
catalytic oxidation technique to
underestimate the TOC concentration
measured by a high temperature
catalytic oxidation technique by 3-6%
on stream water and soil water samples
(Kaplan, 1992). Standard Methods
recommends checking the oxidation
efficiency of the instrument with model
compounds representative of the sample
matrix, because many factors can
influence conversion of organic carbon
to carbon dioxide (APHA 1996).

EPA believes that the potential
regulatory impact of small disparities in
oxidation efficiencies between different
TOC analyzers is minor. Studies using
PE samples indicate that for instruments
calibrated in accordance with the
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procedures specified in Standard
Methods (APHA, 1996), the magnitude
of measurement error due to analytical
discrepancies between instruments will
typically be less than the measurement
uncertainty attributed to a particular
instrument (EPA, 1994c). In addition,
EPA anticipates that most systems will
use a consistent method for TOC
analyses and that this will assist in
minimizing the importance of
instrument bias. This practice was
suggested by several commenters.

Commenters also suggested that EPA
implement a formal certification process
for laboratories measuring TOC. Some
commenters recommended that EPA
require a laboratory approval process for
TOC measurements under the Stage 1
DBPR that is similar to what is required
under the ICR. EPA requires that TOC
analyses be conducted by a party
approved by EPA or the State but not
that TOC measurements be subject to
the same laboratory certification
procedures required for the analysis of
DBPs. However, today’s rule contains
QC requirements for TOC analyses
which are in addition to those in
Standard Methods. These additional QC
procedures pertain to sample
preservation and holding time, and have
been found to be effective for TOC
analyses under the ICR.

SUVA. In the 1997 DBPR NODA, EPA
solicited comment on a range of issues
dealing with the determination of SUVA
including: analytical methods,
sampling, sample preparation, filter
types, pH, interferences to UV, high
turbidity waters, quality control, and
other issues that should be addressed.
The Agency requested comment on
approving Standard Method 5910 B for
measuring UVzs4 and Standard Methods
5310 B, C, and D, for measuring DOC.

In requesting comment on filtration,
EPA noted that filtration is necessary
prior to both UV2s4 and DOC analyses in
order to eliminate particulate matter and
separate the operationally defined
dissolved organic matter (based on a
0.45 um-pore-diameter cut-off).
However, filtration can also corrupt
samples through adsorption of
carbonaceous material onto the filter or
its desorption from it (APHA 1996). In
addition, EPA requested comment on
requiring that UV2s4 and DOC analyses
be measured from the same sample
filtrate.

The majority of commenters on SUVA
analytical methods recommended that
EPA approve Standard Methods 5310 B,
C, and D, for DOC analysis and Standard
Method 5910 B for UV2s4 analysis. EPA
has approved these methods in today’s
rule. In addition, commenters stressed
the importance of sample preparation,

especially filtration, in the measurement
of DOC and observed that sufficient
washing of filters prior to filtration of
samples is critical to preventing
contamination of the samples by organic
carbon from the filters. Several
comments on the 1997 DBPR NODA
expressed opposition to a requirement
that UV2s4 and DOC analyses be made
on the same sample filtrate.
Commenters stated that this is
impractical because UV analyses are
often conducted at the treatment plant
while DOC analyses are typically run
off-site. Commenters also noted that
DOC samples should be acid preserved
whereas pH adjustment of samples for
UV2s4 analysis is improper.

Today’s rule establishes that samples
for DOC and UV2s4 analyses must be
filtered through a 0.45 um-pore-
diameter filter. EPA does not have
specific requirements on the type of
filter that is used, provided it has a 0.45
pum pore-diameter, but will provide
guidance on this issue in the Guidance
Manual for Enhanced Coagulation. This
manual will be available for public
review after promulgation of the Stage 1
DBPR. Today’s rule addresses filter
washing prior to analysis by requiring
that water passed through the filter prior
to filtration of the sample serve as the
filtered blank. The filtered blank must
be analyzed using procedures identical
to those used for analysis of the samples
and must meet the following criteria:
TOC < 0.5 mg/L. These criteria are the
maximum allowable background
concentrations specified for these
analyses under the ICR. In the Guidance
Manual for Enhanced Coagulation, EPA
will furnish instructions on sample
handling and filter washing to assist
systems in achieving acceptable field
reagent blanks.

Filtration of samples for DOC analysis
must be done prior to acid preservation,
as stipulated in today’s rule. This is
necessary because acidification of the
sample to pH < 2 can cause substantial
precipitation of dissolved organic
species. Because biological activity will
rapidly alter the DOC of a sample that
has not been preserved, EPA requires
that DOC samples be acidified to pH <
2.0 within 48 hours of sampling.
Consequently, filtration of DOC samples
must be done within 48 hours in order
to allow acid preservation within this
time period. The pH of UV2s4 samples
may not be adjusted. Today’s rule places
a maximum holding time from sampling
to analysis of 2 days for UV2s4 samples
and 28 days for DOC samples. These
holding times are the same as those
approved for ICR data collection.

Because the filtration procedures for
UV2s4 and DOC samples are largely

identical, EPA anticipates that most
systems will find it economical when
determining SUVA to filter one sample.
The filtrate would then be split into two
portions, one of which would be used
for UV analysis while the other would
be acid preserved and used for DOC
analysis. However, EPA has not
included a requirement that the DOC
and UVzs4 analyses used in the SUVA
determination be made on the same
sample filtrate. Instead, EPA requires
that DOC and UVs4 sSamples used to
determine a SUVA value must be taken
at the same time and at the same
location.

In the 1997 DBPR NODA, EPA also
observed that because disinfectants/
oxidants (chlorine, ozone, chlorine
dioxide, potassium permanganate)
typically reduce UVas4 without
substantially impacting DOC, raw water
SUVA should be determined on water
prior to the application of disinfectants/
oxidants. If disinfectants/oxidants are
applied in raw-water transmission lines
upstream of the plant, then raw water
SUVA should be based on a sample
collected upstream of the point of
disinfectant/oxidant addition. For
determining settled-water SUVA, if the
plant applies disinfectants/oxidants
prior to the settled water sample tap,
then settled-water SUVA should be
determined in jar testing. No
commenters were opposed to these
provisions and today’s rule requires that
samples used for SUVA determinations
be taken from water prior to the
addition of any oxidants/disinfectants.

A few commenters stated that SUVA
should not be subject to rigorous
analytical procedures because the
application of SUVA in this rule is
based on a relationship which is largely
empirical (i.e. correlations between
SUVA and TOC removal by
coagulation). EPA recognizes the
empirical nature of this relationship and
the variance it has displayed in studies.
Regulations, however, must address
specific SUVA values if SUVA is to
serve as an alternative compliance
parameter. For compliance with these
regulations to be meaningful, SUVA
must be determined accurately.
Consequently, today’s rule requires
certain QC procedures in the DOC and
UV2s4 analyses that are used to calculate
SUVA.

Today’s rule establishes the removal
of 10 mg/L magnesium hardness (as
CaCO03) as an alternative performance
criterion that systems practicing
enhanced softening can use to
demonstrate compliance with the
treatment technique requirement for
TOC removal. However, EPA did not
propose methods for the analysis of
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magnesium in drinking water and
therefore the final rule does not contain
any approved methods for magnesium.
EPA expects to propose magnesium
analytical methods to be used for
compliance monitoring under the Stage
1 DBPR by the end of 1998.

4, Performance Based Measurement
Systems

On October 6, 1997, EPA published a
Document of the Agency’s intent to
implement a Performance Based
Measurement System (PBMS) in all of
its programs to the extent feasible (EPA,
1997f). The Agency is currently
determining the specifics steps
necessary to implement PBMS in its
programs and preparing an
implementation plan. Final decisions
have not yet been made concerning the
implementation of PBMS in drinking
water programs. However, EPA is
currently evaluating what relevant
performance characteristics should be
specified for monitoring methods used
in the drinking water programs under a

PBMS approach to ensure adequate data
quality. EPA would then specify
performance requirements in its
regulations to ensure that any method
used for determination of a regulated
analyte is at least equivalent to the
performance achieved by other
currently approved methods. EPA
expects to publish its PBMS
implementation strategy for water
programs in the Federal Register by the
end of calendar year 1998.

Once EPA has made its final
determinations regarding
implementation of PBMS in programs
under the Safe Drinking Water Act, EPA
would incorporate specific provisions of
PBMS into its regulations, which may
include specification of the performance
characteristics for measurement of
regulated contaminants in the drinking
water program regulations.

H. Monitoring Requirements
1. Today’s Rule

Today’s rule establishes monitoring
requirements to support implementation
of the enhanced coagulation and
enhanced softening treatment
technique, implementation of new
MCLs for TTHM, HAAS5, bromate, and
chlorite, and implementation of MRDLs
for chlorine, chloramines, and chlorine
dioxide. Monitoring for DBPs,
disinfectant residuals, and TOC must be
conducted during normal operating
conditions. Failure to monitor in
accordance with the monitoring plan is
a monitoring violation. Where
compliance is based on a running
annual average of monthly or quarterly
samples or averages and the system’s
failure to monitor makes it impossible to
determine compliance with MCLs or
MRDLs, this failure to monitor will be
treated as a violation.

Tables 111-3 and 111-4 below
summarize routine and reduced
monitoring requirements of today’s rule.

TABLE 11I-3.—ROUTINE MONITORING REQUIREMENTS 1

Requirement Location for sampling

Large surface sys- Small surface sys-

Large ground water Small ground water

(reference) tems 2 tems 2 systems3 systems3
TOC and Alkalinity Source Water4 .......... 1sample/month/plant3 | 1 sample/month/ NA L NA.
(141.132(d)(1)). plant3.
Only required for

plants with conven-

tional filtration treat-

ment.
TTHMs and HAA5 25% in dist sys at 4/plant/quarter ........... 1/plant/quarters ......... 1/plant/quarter® ......... 1/plant/year 56

(2141.132(b)(1)(i)). max res time, 75%
at dist sys rep-
resentative loca-

tions.

Bromate 7

at maximum resi-
dence time.

if pop.<500, then 1/
plant/yré.

during warmest
month.

at maximum resi-
dence time.

during warmest
month.

at maximum resi-
dence time.

(141.132(b)(3)(i)).
Chlorite8 (daily)

(141.132(b) (2)()(A)).

Chlorite8 (monthly)
141.132(b)(2)(i)(B)).

Chlorine and
chloramines
(141.132(c)(2)(i)).

Chlorine dioxide8
(141.132(c)(2)(i)).

Dist sys entrance
point.

Dist sys entrance
point.

Dist sys: 1 near first
cust, 1 in dist sys
middle, 1 at max
res time.

Same points as total
coliform in TCR.

Dist sys entrance
point.

1/month/trt plant
using Os.

Daily/trt plant using
ClOo.

3 sample set/month ..

Same times as total
coliform in TCR.

Daily/trt plant using

ClO..

1/month/trt plant
using Os.

Daily/trt plant using
ClOo.

3 sample set/month ..

Same times as total
coliform in TCR.

Daily/trt plant using
ClOo.

1/month/trt plant
using Oa.

Daily/trt/plant using
ClO>.

3 sample set/month ..

Same times as total
coliform in TCR.

Daily/trt plant using
ClO>.

1/month/trt plant
using Oa.

3 sample set/month.

Same times as total
coliform in TCR.

Daily/trt plant using
ClO.

1 Samples must be taken during representative operating conditions. Provisions for reduced monitoring shown elsewhere.

2| arge surface (subpart H) systems serve 10,000 or more persons. Small surface (subpart H) systems serve fewer than 10,000 persons.

3Large systems using ground water not under the direct influence of surface water serve 10,000 or more persons. Small systems using
ground water not under the direct influence of surface water serve fewer than 10,000 persons.

4 Subpart H systems which use conventional filtration treatment (defined in section 141.2) must monitor 1) source water TOC prior to any treat-
ment and 2) treated TOC at the same time; these two samples are called paired samples. Systems must take a source water alkalinity sample at

the same time.

5If the annual monitoring result exceeds the MCL, the system must increase monitoring frequency to 1/plant/quarter. Compliance determina-
tions will be based on the running annual average of quarterly monitoring results.
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6 Multiple wells drawing water from a single aquifer may, with State approval, be considered one treatment plant for determining the minimum

number of samples.

7Only required for systems using ozone for oxidation or disinfection.
80nly required for systems using chlorine dioxide for oxidation or disinfection. Additional chlorite monitoring required if daily sample exceeds
MCL. Additional chlorine dioxide monitoring requirements apply if any chlorine dioxide sample exceeds the MRDL.

TABLE Ill-4.—REDUCED MONITORING REQUIREMENTS 1

Requirement
(reference)

Location for reduced
sampling

Reduced monitoring frequency and prerequisites 2

TOC and Alkalinity
(141.132(d)(2)).
TTHMs and HAA5s

(141.132(b)(1)(ii)).

Bromate 5
(141.132(b)(3)(ii)).

Chilorite &
(141.132(b)(2)(iii))-

Chlorine, chlorine diox-
ide 6, chloramines
(141.132(c)(2)(ii) and
(c)(2)(iii).

Paired samples? .........
In dist sys at point with
max res time.

Dist sys entrance point

Dist sys: 1 near first
cust, 1 in dist sys
middle, 1 at max res
time.

NA

Subpart H systems-reduced to 1 paired sample/plant/quarter if 1) avg TOC < 2.0 mg/l for 2
years or 2) avg TOC < 1.0 mg/l for 1 year.
Monitoring cannot be reduced if subpart H system source water TOC > 4.0 mg/l.

Subpart H systems serving 10,000 or more-reduced to 1/plant/gtr if 1) system has completed
at least 1 yr of routine monitoring and 2) both TTHM and HAAS running annual averages
are no more than 40 pg/l and 30 pg/l, respectively.

Subpart H systems serving <10,000 and ground water systems# serving 10,000 or more-re-
duced to 1/plant/yr if 1) system has completed at least 1 yr of routine monitoring and 2)
both TTHM and HAAS running annual averages are no more than 40 pg/l and 30 pg/l, re-
spectively. Samples must be taken during month of warmest water temperature. Subpart H
systems serving <500 may not reduce monitoring to less than 1/plant/yr.

Groundwater systems®é serving<10,000-reduced to 1/plant/3yr if 1) system has completed at
least 2 yr of routine monitoring and both TTHM and HAAS running annual averages are no
more than 40 pg/l and 30 pg/l, respectively or 2) system has completed at least 1 yr of
routine monitoring and both TTHM and HAAS5 annual samples are no more than 20 pg/l
and 15 pg/l, respectively. Samples must be taken during month of warmest water tempera-
ture.

1/qtr/trt plant using Og, if system demonstrates 1) avg raw water bromide <0.05 mg/l (based
on annual avg of monthly samples).

Systems may reduce routine distribution system monitoring from monthly to quarterly if the
chlorite concentration in all samples taken in the distribution system is below 1.0 mg/L for a
period of one year; 3 samples per quarter.

Monitoring may not be reduced.

1Samples must be taken during representative operating conditions. Provisions for routine monitoring shown elsewhere.

2Requirements for cancellation of reduced monitoring are found in the regulation.

3 Subpart H systems which use conventional filtration treatment (defined in Section 141.2) must monitor 1) source water TOC prior to any treat-
ment and 2) treated TOC before continuous disinfection (except that systems using ozone followed by biological filtration may sample after bio-
logical filtration) at the same time; these two samples are called paired samples.

4Multiple wells drawing water from a single aquifer may, with State approval, be considered one treatment plant for determining the minimum

number of samples.

50nly required for systems using ozone for oxidation or disinfection.
6 Only required for systems using chlorine dioxide for oxidation or disinfection.

The formation rate of DBPs is affected
by type and amount of disinfectant
used, water temperature, pH, amount
and type of precursor material in the
water, and the length of time that water
remains in the treatment and
distribution systems. For this reason,
today’s rule specifies the points in the
distribution system (and, in some cases,
the time) where samples must be taken.
For purposes of this regulation, multiple
wells drawing raw water from a single
aquifer may, with State approval, be
considered one plant for determining
the minimum number of samples.

TTHM and HAAS5. Any system may
take samples in excess of the required
frequency. In such cases, at least 25
percent of all samples collected each
quarter must be taken at locations
within the distribution system that
represent the maximum residence time
of the water in the system. The

remaining samples must be taken at
locations representative of at least
average residence time in the
distribution system.

Subpart H Systems Serving 10,000 or
More People. Routine Monitoring: CWSs
and NTNCWSs using surface water (or
ground water under direct influence of
surface water) (Subpart H systems) that
treat their water with a chemical
disinfectant and serve 10,000 or more
people must routinely take four water
samples each quarter for both TTHMs
and HAAGS for each treatment plant in
the system. At least 25 percent of the
samples must be taken at the point of
maximum residence time in the
distribution system. The remaining
samples must be taken at representative
points in the distribution system. This
monitoring frequency is the same as the
frequency required under the current
TTHM rule (§141.30).

Reduced Monitoring: To qualify for
reduced monitoring, systems must meet
certain prerequisites (see Figure I11-1).
Systems eligible for reduced monitoring
may reduce the monitoring frequency
for TTHMs and HAAGS to one sample per
treatment plant per quarter. Systems on
a reduced monitoring schedule may
remain on that reduced schedule as long
as the average of all samples taken in
the year is no more than 0.060 mg/L for
TTHM and 0.045 mg/L for HAAS.
Systems that do not meet these levels
must revert to routine monitoring in the
quarter immediately following the
quarter in which the system exceeded
0.060 mg/L for TTHM or 0.045 mg/L for
HAAS. Additionally, the State may
return a system to routine monitoring at
the State’s discretion.
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FIGURE llI-1.—ELIGIBILITY FOR REDUCED TTHM AND HAA5 MONITORING: GROUND WATER SYSTEMS SERVING 10,000
OR MORE PEOPLE AND SUBPART H SYSTEMS SERVING 500 OR MORE PEOPLE

Ground water systems serving 10,000 or more people, and Subpart H systems serving 500 or more people, may reduce monitoring of TTHMs
and HAAS if they meet all of the following conditions:
—The annual average for TTHMs is no more than 0.040 mg/L.
—The annual average for HAAS is no more than 0.030 mg/L.
—At least one year of routine monitoring has been completed.
—Annual average source water TOC level is no more than 4.0 mg/L prior to treatment (applies to Subpart H systems only).

Compliance Determination: A public
water system (PWS) is in compliance
with the MCL when the running annual
arithmetic average of quarterly averages
of all samples, computed quarterly, is
less than or equal to the MCL. If the
running annual average computed for
any quarter exceeds the MCL, the
system is out of compliance.

Subpart H Systems Serving 500 to
9,999 People. Routine Monitoring:
Systems are required to take one water
sample each quarter for each treatment
plant in the system. Samples must be
taken at the point of maximum
residence time in the distribution
system.

Reduced Monitoring: To qualify for
reduced monitoring, systems must meet
certain prerequisites (see Figure I11-1).
Systems eligible for reduced monitoring
may reduce the monitoring frequency
for TTHMs and HAAGS to one sample per
treatment plant per year. Sample must
be taken at a distribution system
location reflecting maximum residence
time and during the month of warmest
water temperature. Systems on a
reduced monitoring schedule may
remain on that reduced schedule as long
as the average of all samples taken in
the year is no more than 0.060 mg/L for
TTHM and 0.045 mg/L for HAAS.
Systems that do not meet these levels
must revert to routine monitoring in the
quarter immediately following the
quarter in which the system exceeded
0.060 mg/L for TTHM or 0.045 mg/L for
HAAS. Additionally, the State may
return a system to routine monitoring at
the State’s discretion.

Compliance Determination: A PWS is
in compliance with the MCL for TTHM
and HAAS when the annual average of
all samples, taken that year, is less than
or equal to the MCL. If the average for
these samples exceeds the MCL, the
system is out of compliance.

Subpart H Systems Serving Fewer
than 500 People. Routine Monitoring:
Subpart H systems serving fewer than
500 people are required to take one
sample per year for each treatment plant
in the system. The sample must be taken
at the point of maximum residence time
in the distribution system during the
month of warmest water temperature. If
the annual sample exceeds the MCL, the

system must increase monitoring to one
sample per treatment plant per quarter,
taken at the point of maximum
residence time in the distribution
system.

Reduced Monitoring: These systems
may not reduce monitoring. Systems on
increased monitoring may return to
routine monitoring if the annual average
of quarterly samples is no more than
0.060 mg/L for TTHM and 0.045 mg/L
for HAAS.

Compliance Determination: A PWS is
in compliance when the annual sample
(or average of annual samples, if
additional sampling is conducted) is
less than or equal to the MCL. If the
annual sample exceeds the MCL, the
system must increase monitoring to one
sample per treatment plant per quarter.
If the running annual average of the
quarterly samples then exceeds the
MCL, the system is out of compliance.

Ground Water Systems Serving 10,000
or More People. Routine Monitoring:
CWSs and NTNCWSs using only ground
water sources not under the direct
influence of surface water that treat
their water with a chemical disinfectant
and serve 10,000 or more people are
required to take one water sample each
quarter for each treatment plant in the
system. Samples must be taken at points
that represent the maximum residence
time in the distribution system.

Reduced Monitoring: To qualify for
reduced monitoring, systems must meet
certain prerequisites (see Figure I111-1).
Systems eligible for reduced monitoring
may reduce the monitoring frequency to
one sample per treatment plant per year.
Sample must be taken at a distribution
system location reflecting maximum
residence time and during the month of
warmest water temperature. Systems on
a reduced monitoring schedule may
remain on that reduced schedule as long
as the average of all samples taken in
the year is no more than 0.060 mg/L for
TTHM and 0.045 mg/L for HAAS.
Systems that do not meet these levels
must revert to routine monitoring in the
quarter immediately following the
quarter in which the system exceeded
0.060 mg/L for TTHM or 0.045 mg/L for
HAAS. Additionally, the State may
return a system to routine monitoring at
the State’s discretion.

Compliance Determination: A PWS is
in compliance with the MCL when the
running arithmetic annual average of
quarterly averages of all samples,
computed quarterly, is less than or
equal to the MCL. If the running annual
average for any quarter exceeds the
MCL, the system is out of compliance.

Ground Water Systems Serving Fewer
than 10,000 People Routine Monitoring:
CWSs and NTNCWSs using only ground
water sources not under the direct
influence of surface water that treat
their water with a chemical disinfectant
and serve fewer than 10,000 people are
required to sample once per year for
each treatment plant in the system. The
sample must be taken at the point of
maximum residence time in the
distribution system during the month of
warmest water temperature. If the
sample (or the average of annual
samples if more than one sample is
taken) exceeds the MCL, the system
must increase monitoring to one sample
per treatment plant per quarter.

Reduced Monitoring: To qualify for
reduced monitoring, systems must meet
certain prerequisites (see Figure 111-2).
Systems eligible for reduced monitoring
may reduce the monitoring frequency
for TTHMs and HAAGS to one sample per
three-year monitoring cycle. Sample
must be taken at a distribution system
location reflecting maximum residence
time and during the month of warmest
water temperature. Systems on a
reduced monitoring schedule may
remain on that reduced schedule as long
as the average of all samples taken in
the year is no more than 0.060 mg/L for
TTHM and 0.045 mg/L for HAAS.
Systems that do not meet these levels
must resume routine monitoring.
Systems on increased monitoring may
return to routine monitoring if the
annual average of quarterly samples is
no more than 0.060 mg/L for TTHM and
0.045 mg/L for HAAG.

Compliance Determination: A PWS is
in compliance when the annual sample
(or average of annual samples) is less
than or equal to the MCL.
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FIGURE IlI-2.—ELIGIBILITY FOR REDUCED TTHM AND HAAS5 MONITORING: GROUND WATER SYSTEMS SERVING FEWER

THAN 10,000 PEOPLE

Systems using ground water not under the direct influence of surface water that serve fewer than 10,000 people may reduce monitoring for
TTHMs and HAAS if they meet either of the following conditions:

1. The average of two consecutive annual samples for TTHMs is no more than 0.040 mg/L, the average of two consecutive annual samples for
HAAS is no more than 0.030 mg/L, and at least two years of routine monitoring has been completed.

2. The annual sample for TTHMs is no more than 0.020 mg/L, the annual sample for HAAS5 is no more than 0.015 mg/L, and at least one year

of routine monitoring has been completed.

Chlorite. Routine Monitoring: CWSs
and NTNCWSs using chlorine dioxide
for disinfection or oxidation are
required to conduct sampling for
chlorite both daily at the entrance to the
distribution system and monthly within
the distribution system. Additional
distribution system monitoring may be
required, and distribution system
monitoring may be reduced if certain
conditions are met. This monitoring is
described below.

Routine Monthly Monitoring—
Systems are required to take a three
sample set each month in the
distribution system. One sample must
be taken at each of the following
locations: (1) as close as possible to the
first customer, (2) in a location
representative of average residence time,
and (3) as close as possible to the end
of the distribution system (reflecting
maximum residence time in the
distribution system). As described
elsewhere in this document, all samples
taken in the distribution system must be
analyzed by ion chromatography
(Methods 300.0 and 300.1).

Routine Daily Monitoring—Systems
must take one sample each day at the
entrance to the distribution system. As
described elsewhere in this document
(section 111.G), samples taken at the
distribution system entrance may be
analyzed by amperometric titration
(Method 4500-CIO; E). If the chlorite
MCL is exceeded at the entrance to the
distribution system, the system is not
out of compliance. However, the system
must carry out addition monitoring as
described in the following paragraph.

Additional Monitoring: On any day
when the chlorite concentration
measured at the entrance to the
distribution system exceeds the chlorite
MCL (1.0 mg/L), the system is required
to take a three sample set in the
distribution system on the following
day, at the locations specified for
routine monthly monitoring. If the
system is required to conduct
distribution system monitoring as a
result of having exceeded the chlorite
MCL at the entrance to the distribution
system, and the average of the three
samples taken in the distribution system
is below 1.0 mg/L, the system will have
satisfied its routine monthly monitoring

requirement for that month. Further
distribution system monitoring will not
be required in that month unless the
chlorite concentration at the entrance to
the distribution system again exceeds
1.0 mg/L.

Reduced Monitoring: Systems may
reduce routine distribution system
monitoring for chlorite from monthly to
quarterly if the chlorite concentration in
all samples taken in the distribution
system is below 1.0 mg/L for a period
of one year and the system has not been
required to conduct any additional
monitoring. Systems that qualify for
reduced monitoring must continue to
conduct daily monitoring at the
entrance to the distribution system. If
the chlorite concentration at the
entrance to the distribution system
exceeds 1.0 mg/L, the system must
resume routine monthly monitoring.

Compliance Determination: A PWS is
out of compliance with the chlorite
MCL when the arithmetic average
concentration of any three sample set
taken in the distribution system is
greater than 1.0 mg/L.

Bromate. Routine Monitoring: CWSs
and NTNCWSs using ozone for
disinfection or oxidation are required to
take at least one sample per month for
each treatment plant in the system using
ozone. The sample must be taken at the
entrance to the distribution system
when the ozonation system is operating
under normal conditions.

Reduced Monitoring: Systems may
reduce monitoring from monthly to
once per quarter if the system
demonstrates that the annual average
raw water bromide concentration is less
than 0.05 mg/L, based upon monthly
measurements for one year.

Compliance Determination: A PWS is
in compliance if the running annual
arithmetic average of samples,
computed quarterly, is less than or
equal to the MCL.

Chlorine. Routine Monitoring: As a
minimum, CWSs and NTNCWSs must
measure the residual disinfectant level
(as either free chlorine or total chlorine)
at the same points in the distribution
system and at the same time as total
coliforms, as specified in § 141.21.
Subpart H systems may use the results
of residual disinfectant concentration

sampling done under the SWTR
(8141.74(b)(6)(i) for unfiltered systems,
§141.74(c)(3)(i) for systems that filter)
in lieu of taking separate samples.

Reduced Monitoring: Monitoring for
chlorine may not be reduced.

Compliance Determination: A PWS is
in compliance with the MRDL when the
running annual arithmetic average of
monthly averages of all samples,
computed quarterly, is less than or
equal to the MRDL. Notwithstanding the
MRDL, operators may increase residual
chlorine levels in the distribution
system to a level and for a time
necessary to protect public health to
address specific microbiological
contamination problems (e.g., including
distribution line breaks, storm runoff
events, source water contamination, or
cross-connections).

Chloramines. Routine Monitoring: As
a minimum, CWSs and NTNCWSs must
measure the residual disinfectant level
(as either total chlorine or combined
chlorine) at the same points in the
distribution system and at the same time
as total coliforms, as specified in
§141.21. Subpart H systems may use the
results of residual disinfectant
concentration sampling done under the
SWTR (8 141.74(b)(6) for unfiltered
systems, §141.74(c)(3) for systems that
filter) in lieu of taking separate samples.

Reduced Monitoring: Monitoring for
chloramines may not be reduced.

Compliance Determination: A PWS is
in compliance with the MRDL when the
running annual arithmetic average of
monthly averages of all samples,
computed quarterly, is less than or
equal to the MRDL. Notwithstanding the
MRDL, operators may increase residual
chloramine levels in the distribution
system to a level and for a time
necessary to protect public health to
address specific microbiological
contamination problems (e.g., including
distribution line breaks, storm runoff
events, source water contamination, or
cross-connections).

Chlorine Dioxide Routine Monitoring:
CWSs, NTNCWSs, and TNCWSs must
monitor for chlorine dioxide only if
chlorine dioxide is used by the system
for disinfection or oxidation. If
monitoring is required, systems must
take daily samples at the entrance to the
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distribution system. If the MRDL (0.8
mg/L) is exceeded, the system must
conduct additional monitoring.

Additional Monitoring: If any daily
sample taken at the entrance to the
distribution system exceeds the MRDL,
the system is required to take three
additional samples in the distribution
system on the next day. Samples must
be taken at the following locations.

Systems using chlorine as a residual
disinfectant and operating booster
chlorination stations after the first
customer—These systems must take
three samples in the distribution
system: one as close as possible to the
first customer, one in a location
representative of average residence time,
and one as close as possible to the end
of the distribution system (reflecting
maximum residence time in the
distribution system).

Systems using chlorine dioxide or
chloramines as a residual disinfectant or
chlorine as a residual disinfectant and
not operating booster chlorination
stations after the first customer—These
systems must take three samples in the
distribution system as close as possible
to the first customer at intervals of not
less than six hours.

Reduced Monitoring: Monitoring for
chlorine dioxide may not be reduced.

Compliance Determination: Acute
violations—If any daily sample taken at
the entrance to the distribution system
exceeds the MRDL and if, on the
following day, one or more of the three
samples taken in the distribution system
exceeds the MRDL, the system will be
in acute violation of the MRDL and
must issue the required acute public
notification. Failure to monitor in the
distribution system on the day following
an exceedance of the chlorine dioxide
MRDL shall also be considered an acute
MRDL violation.

Nonacute violations—If any two
consecutive daily samples taken at the
entrance to the distribution system
exceed the MRDL, but none of the
samples taken in the distribution system
exceed the MRDL, the system will be in
nonacute violation of the MRDL. Failure
to monitor at the entrance to the
distribution system on the day following
an exceedance of the chlorine dioxide
MRDL shall also be considered a
nonacute MRDL violation.

Important Note: Unlike chlorine and
chloramines, the MRDL for chlorine
dioxide may not be exceeded for short
periods of time to address specific
microbiological contamination
problems.

TOC. Routine Monitoring: CWSs and
NTNCWSs which use conventional
filtration treatment must monitor each
treatment plant water source for TOC on

a monthly basis, with samples taken in
both the source water prior to any
treatment and in the treated water no
later than the point of combined filter
effluent turbidity monitoring. At the
same time, systems must monitor for
source water alkalinity.

Reduced Monitoring: Subpart H
systems with an average treated water
TOC of less than 2.0 mg/L for two
consecutive years, or less than 1.0 mg/
L for one year, may reduce monitoring
for both TOC and alkalinity to one
paired sample per plant per quarter.

Compliance Determination:
Compliance criteria for TOC are
dependent upon a variety of factors and
is discussed elsewhere in this rule.

2. Background and Analysis

The monitoring requirements in
today’s rule are the same as those in the
1994 proposed rule, with the exception
of requirements for bromide monitoring
and chlorite.

Bromide Monitoring for Reduced
Bromate Monitoring. The 1994 proposal
included a provision for reduced
bromate monitoring for utilities with
source water bromide concentrations
less than 0.05 mg/L. EPA believes there
is a very small likelihood that systems
using ozone will exceed the bromate
MCL if source water bromide
concentrations are below this level. The
provision did not specify a bromide
monitoring frequency, however. Today’s
rule allows utilities to reduce bromate
monitoring from monthly to once per
quarter if the system demonstrates,
based on representative monthly
samples over the course of a year, that
the average raw water bromide
concentration is less than 0.05 mg/L.

Chlorite Monitoring. The proposed
rule required treatment plants using
chlorine dioxide to monitor for chlorite
ion by taking a three sample set in the
distribution system, once per month,
and to analyze these samples using ion
chromatography. However, the proposal
states that after the Negotiating
Committee had agreed to the above
monitoring scheme for chlorite at its last
meeting in June, 1993, EPA’s Reference
Dose Committee met and determined a
different toxicological endpoint for
chlorite, based on the identification of
neurobehavioral effects. In light of this
finding, EPA asserted that it did not
believe the proposed monthly
monitoring requirement for chlorite was
sufficiently protective of public health.
Following the proposed rule, EPA
acquired additional information on
chlorite toxicity, including the results of
a two-generation study sponsored by the
CMA. This additional information,
discussed elsewhere in this document

(IM.A.7), supported EPA’s finding of
neurobehavioral health effects resulting
from chlorite, along with the rationale
for daily monitoring at the entrance to
the distribution system as a trigger for
further compliance monitoring in the
distribution system.

3. Summary of Comments

TOC. Many commenters expressed
confusion regarding the raw and
finished water TOC monitoring scheme
and their relationship to compliance
calculations. Commenters noted,
correctly, that changes in alkalinity and
TOC level can move the utility to a
different box of the TOC removal
matrix, and questioned whether this
would affect requisite monitoring. As in
the proposal, moving to a different box
of the matrix will not affect monitoring
requirements. Utilities are required to
take a minimum of one paired (raw and
finished water) TOC sample per month.
Commenters were also concerned that
the TOC monitoring provisions would
limit their ability to take additional TOC
samples for operational control. This
concern is unfounded; EPA
recommends in the Enhanced
Coagulation and Enhanced Precipitative
Softening Guidance Manual that
utilities take as many TOC samples as
necessary to maintain proper
operational control. EPA also
recommends that TOC compliance
samples, as opposed to operational
samples, be taken on a constant
schedule or be identified one month
prior to the samples being taken. This
will allow utilities to take numerous
operational samples and still provide for
unbiased compliance sampling. Systems
may use their sampling plans for this
purpose.

Chlorite. In the proposal, EPA
solicited comment on changing the
frequency and location of chlorite
monitoring in consideration of potential
acute health effects. Commenters stated
that daily monitoring of chlorite would
be feasible if amperometric titration
were allowed as an analytical method.
Commenters recommended that daily
amperometric analyses for chlorite be
conducted on samples taken from the
entrance to the distribution system, and
that weekly or monthly analyses using
ion chromatography still be required as
a check since ion chromatography is a
more accurate analytical method.
Several comments stated that daily
monitoring for chlorite would improve
operational control of plants and
decrease the probability of a PWS
exceeding the chlorite MCL in the
distribution system. However,
commenters requested that if daily
monitoring for chlorite were to be
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required, a provision for reduced
chlorite monitoring be included as well.

In response to these comments,
today’s rule requires treatment plants
using chlorine dioxide to conduct daily
monitoring for chlorite by taking one
sample at the entrance to the
distribution system. This sample may be
measured using amperometric titration
(Standard Method 4500-ClO ; E).
Treatment plants are also required to
take a three sample set from the
distribution system once per month, as
was proposed in 1994. In addition,
today’s rule requires that on any day
that the concentration of chlorite
measured at the distribution system
entrance exceeds the MCL, the
treatment plant must take a three
sample set in the distribution system on
the following day. All samples taken in
the distribution system must be
analyzed by ion chromatography
(Method 300.0 or 300.1).

EPA recommends that treatment
plants keep chlorite levels below 1.0
mg/L and believes that if treatment
plants exceed the MCL in finished
water, immediate distribution system
testing is warranted to ensure that
chlorite levels are below 1.0 mg/L. EPA
has not, however, changed the
compliance determination for chlorite
from the 1994 proposed rule.
Compliance is still based on the average
of three sample sets taken in the
distribution system. The results of daily
monitoring do not serve as a compliance
violation; rather, they can only trigger
immediate distribution system
monitoring. Moreover, if the treatment
plant is required to take distribution
system samples by the results of daily
monitoring and the average chlorite
concentration in the three distribution
system samples is below the MCL, then
that sampling will meet the treatment
plant’s requirement for routine monthly
monitoring in the distribution system
for that month. Today’s rule also
includes a provision for reduced
chlorite monitoring. Treatment plants
may reduce routine distribution system
monitoring for chlorite from monthly to
quarterly if the chlorite concentration in
all samples both at the entrance to the
distribution system and within the
distribution system are below 1.0 mg/L
for a period of one year.

In summary, after review of all public
comments and associated data, EPA
believes that these provisions for
chlorite monitoring will be both feasible
for treatment plants and provide a level
of protection to public health
commensurate with the toxic effects
associated with chlorite.

I. Compliance Schedules

1. Today’s Rule

Today’s action establishes revised
compliance deadlines for States to adopt
and for public water systems to
implement the requirements in this
rulemaking. Central to the
determination of these deadlines are the
principles of simultaneous compliance
between the Stage 1 DBPR and the
corresponding rules (Interim Enhanced
Surface Water Treatment Rule, Long
Term Enhanced Surface Water
Treatment Rule, and Ground Water
Rule) to ensure continued microbial
protection, and minimization of risk-
risk tradeoffs. These deadlines also
reflect new legislative provisions
enacted as part of 1996 SDWA
amendments. Section 1412 (b)(10) of the
SDWA as amended provides PWSs must
comply with new regulatory
requirements 36 months after
promulgation (unless EPA or a State
determines that an earlier time is
practicable or that additional time up to
two years is necessary for capital
improvements). In addition, Section
1413(a)(1) provides that States have 24
instead of the previous 18 months from
promulgation to adopt new drinking
water standards.

Applying the 1996 SDWA
Amendments to today’s action, this
rulemaking provides that States have
two years from promulgation to adopt
and implement the requirements of this
regulation. Simultaneous compliance
will be achieved as follows.

Subpart H water systems covered by
today’s rule that serve a population of
10,000 or more generally have three
years from promulgation to comply with
all requirements of this rule. In cases
where capital improvements are needed
to comply with the rule, States may
grant such systems up to an additional
two years to comply. These deadlines
were consistent with those for the
IESWTR.

Subpart H systems that serve a
population of less than 10,000 and all
ground water systems will be required
to comply with applicable Stage 1 DBPR
requirements within five years from
promulgation. Since the Long Term
Enhanced Surface Water Treatment Rule
(LT1) requirements that apply to
systems under 10,000 and the Ground
Water Rule are scheduled to be
promulgated two years after today’s rule
or in November 2000, the net result of
this staggered deadline is that these
systems will be required to comply with
both Stage 1 DBPR and LT1/GWR
requirements three years after
promulgation of LT1/GWR at the same
end date of November 2003. For reasons

discussed in more detail below, EPA
believes this is both consistent with the
requirements of section 1412(b)(10) as
well as with legislative history affirming
the Reg. Neg. objectives of simultaneous
compliance and minimization of risk-
risk tradeoff.

2. Background and Analysis

The background, factors, and
competing concerns that EPA
considered in developing the
compliance deadlines in today’s rule are
explained in detail in both the Agency’s
IESWTR and Stage 1 DBPR November
1997 NODAs. As explained in those
NODAs, EPA identified four options to
implement the requirements of the 1996
SDWA Amendments. The requirements
outlined above reflect the fourth option
that EPA requested comment upon in
November 1997.

By way of background, the SDWA
1996 Amendments affirmed several key
principles underlying the M—DBP
compliance strategy developed by EPA
and stakeholders as part of the 1992
regulatory negotiation process. First,
under Section 1412(b)(5)(A), Congress
recognized the critical importance of
addressing risk/risk tradeoffs in
establishing drinking water standards
and gave EPA the authority to take such
risks into consideration in setting MCL
or treatment technique requirements.
The technical concerns and policy
objectives underlying M/DBP risk/risk
tradeoffs are referred to in the initial
sections of today’s rule and have
remained a key consideration in EPA’s
development of appropriate compliance
requirements. Second, Congress
explicitly adopted the phased M—-DBP
regulatory development schedule
developed by the Negotiating
Committee. Section 1412(b)(2)(C)
requires that the M/DBP standard
setting intervals laid out in EPA’s
proposed ICR rule be maintained even
if promulgation of one of the M—DBPRs
is delayed. As explained in the 1997
NODA, this phased or staggered
regulatory schedule was specifically
designed as a tool to minimize risk/risk
tradeoff. A central component of this
approach was the concept of
“simultaneous compliance”, which
provides that a PWS must comply with
new microbial and DBP requirements at
the same time to assure that in meeting
a set of new requirements in one area,

a facility does not inadvertently increase
the risk (i.e., the risk “tradeoff”) in the
other area.

A complicating factor that EPA took
into account in developing today’s
deadlines is that the SDWA 1996
Amendments changed two statutory
provisions that elements of the 1992
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Negotiated Rulemaking Agreement were
based upon. The 1994 Stage 1 DBPR and
ICR proposals provided that 18 months
after promulgation large PWS would
comply with the rules and States would
adopt and implement the new
requirements. As noted above, Section
1412(b)(10) of the SDWA as amended
now provides that drinking water rules
shall become effective 36 months after
promulgation (unless the Administrator
determines that an earlier time is
practicable or that additional time for
capital improvements is necessary—up
to two years). In addition, Section
1413(a)(1) now provides that States have
24 instead of the previous 18 months to
adopt new drinking water standards that
have been promulgated by EPA.

Today’s compliance deadline
requirements reflect the principle of
simultaneous compliance and the
concern with risk/risk tradeoffs. Subpart
H systems serving a population of at
least 10,000 will be required to comply
with the key provisions of this rule on
the same schedule as they will be
required to comply with the parallel
requirements of the accompanying
IESWTR that is also included in today’s
Federal Register.

With regard to subpart H systems
serving fewer than 10,000, EPA believes
that providing a five year compliance
period under Stage 1 DBPR is
appropriate and warranted under
section 1412(b)(10), which expressly
allows five years where necessary for
capital improvements. As discussed in
more detail in the 1997 IESWTR NODA,
capital improvements require, of
necessity, preliminary planning and
evaluation. An essential prerequisite of
such planning is a clear understanding
of final compliance requirements that
must be met. In the case of the staggered
M/DBP regulatory schedule established
as part of the 1996 SDWA Amendments,
LT1 microbial requirements for systems
under 10,000 are required to be
promulgated two years after the final
Stage 1 DBPR. As a result, small systems
will not even know what their final
combined compliance obligations are
until promulgation of the LT 1 rule.
Thus, an additional two year period
reflecting the two year Stage 1 DBPR/LT
1 regulatory development interval
established by Congress is required to
allow for the preliminary planning and
design steps which are inherent in any
capital improvement process.

In the case of ground water systems,
the statutory deadline for promulgation
of the GWR is May 2002. However, EPA
intends to promulgate this rule by
November 2000, in order to allow three
years for compliance and still ensure
simultaneous compliance by ground

water systems with the Stage 1 DBPR
and the GWR. As in the case of subpart
H systems serving fewer than 10,000,
system operators will not know until
November 2000 what the final
compliance requirements for both rules
are. EPA thus believes it appropriate to
grant the additional two years for
compliance with the Stage 1 DBPR
allowed by the statute.

EPA has been very successful in
meeting all of the new statutory
deadlines and is on track for the LT1
Rule and GWR. While EPA fully intends
to meet the schedule discussed earlier,
if those rules are delayed the Agency
will evaluate all available options to
protect against unacceptable risk-risk
trade-offs. Part of this effort is the
extensive outreach to systems already
underway to fully inform water supplies
of the likely elements in the upcoming
rules. In addition, EPA would consider
including provisions for streamlined
variance and/or exemption processing
in these rules if they were delayed, in
order to enhance State flexibility in
ensuring that compliance with the Stage
1 DBPR is not required before the
corresponding microbial protection rule.

Under today’s Stage 1 DBPR, EPA has
already provided small subpart H
systems and ground water systems the
two-year extension for capital
improvements since these systems will
not know with certainty until November
2000 if capital improvements will be
needed for simultaneous compliance
with the Stage 1 DBPR and LT1/GWR.
States considering whether to grant a
two-year capital improvement extension
for compliance with the GWR or LT1
will also need to consider the impact of
such extensions on compliance with
today’s rule, given that a similar
extension for capital improvement has
already been provided in the initial
compliance schedule for the Stage 1
DBPR. EPA believes, however, that
these systems will generally not require
extensive capital improvements that
take longer than three years to install to
meet Stage 1 DBPR, GWR, and LT1
requirements, or will require no capital
improvements at all. However if needed,
EPA will work with States and utilities
to address systems that require time
beyond November 2003 to comply. This
strategy may include exemptions.

In addition, EPA will provide
guidance and technical assistance to
States and systems to facilitate timely
compliance with both DBP and
microbial requirements. EPA will
request comment on how best to do this
when the Agency proposes the
LTESWTR and GWR.

3. Summary of Comments

Commenters were in general
agreement that the compliance deadline
strategy contained in the fourth option
of the 1997 NODA did the best job of
complying with the requirements to
1996 SDWA Amendments and meeting
the objectives of the 1993 Reg. Neg.
Agreement that Congress affirmed as
part of the 1996 Amendments.
Nonetheless, a number of commenters
expressed concern about the ability of
large surface water systems that had to
make capital improvements to comply
with all requirements of the Stage 1
DBPR and IESWTR. They pointed out
that capital improvements include more
than just the construction, but also
financing, design, and approval.

EPA believes that the provisions of
Section 1412(b)(10) of the SDWA as
amended allow systems the flexibility
needed to comply. As noted earlier in
this section, States may grant up to an
additional two years compliance time
for an individual system if capital
improvements are necessary. Moreover,
as both of these rules have been under
negotiation since 1992, proposed in
1994 and further clarified in 1997, EPA
believes that most systems have had
substantial time to consider how to
proceed with implementation and to
initiate preliminary planning. Several
commenters also supported delaying the
promulgation of the Stage 1 DBPR for
ground water systems until the GWR is
promulgated, in order to ensure
simultaneous compliance with both
rules. EPA believes that this option
would not be consistent with the reg-
neg agreement, as endorsed by Congress,
because the agreement specifies that the
Stage 1 DBPR will apply to all
community and nontransient
noncommunity water systems.
Moreover, EPA has committed to the
LT1 and GWR promulgation schedule
outlined above precisely to address this
issue.

In conclusion EPA believes that the
compliance deadlines outlined above
for systems covered by this rule are
appropriate and consistent with the
requirements of the 1996 SDWA
amendments. The Agency notes,
however, that some elements of Option
4 outlined in the 1997 NODA apply to
systems that may be covered by future
Long Term Enhanced and Ground Water
rules. EPA intends to follow the
deadline strategy outlined in Option 4
for these future rules. However, as
today’s action only relates to the Stage
1 DBPR, the Agency will defer final
action on deadlines associated with
future rules until those rules,
themselves, are finalized.
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J. Public Notice Requirements

1. Today’s Rule

Today’s action addresses public
notification by promulgating public
notification language for the regulated
compounds in 40 CFR Section 141.32
(e). EPA takes this opportunity to note
that the 1996 amendments to the SDWA
require the Agency to make certain
changes to the public notice regulations.
EPA intends to propose changes to the
public notice requirements in the
Federal Register shortly after
promulgation of the Stage 1 DBPR.
Applicable changes in the public notice
requirements, when they become
effective, will supersede today’s
provisions. In general, the public
notification for the Stage 1 DBPR is not
substantially changed from that
included in the 1994 Proposed Stage 1
DBPR (EPA, 1994a).

2. Background and Analysis

Under Section 1414(c)(1) of the Act,
each owner or operator of a public water
system must give notice to the persons
served by the system of (1) any violation
of any MCL, treatment technique
requirement, or testing provision
prescribed by an NPDWR,; (2) failure to
comply with any monitoring
requirement under section 1445(a) of
the Act; (3) existence of a variance or
exemption; (4) failure to comply with
the requirements of a schedule
prescribed pursuant to a variance or
exemption; and (5) notice of the
concentration level of any unregulated
contaminant for which the
Administrator has required public
notice.

EPA promulgated the current
regulations for public notification on
October 28, 1987 (52 FR 41534—EPA,
1987). These regulations specify general
notification requirements, including
frequency, manner, and content of
notices, and require the inclusion of
EPA-specified health effects information
in each public notice. The public
notification requirements divide
violations into two categories (Tier 1
and Tier 2) based on the seriousness of
the violations, with each tier having
different public notification
requirements. Tier 1 violations include
violations of an MCL, treatment
technique, or a variance or exemption
schedule. Tier 1 violations contain
health effects language specified by EPA
which concisely and in non-technical
terms conveys to the public the adverse
health effects that may occur as a result
of the violation. States and water
utilities remain free to add additional
information to each notice, as deemed
appropriate for specific situations. Tier

2 violations include monitoring
violations, failure to comply with an
analytical requirement specified by an
NPDWR, and operating under a variance
or exemption.

Today'’s final rule contains specific
health effects language for the
contaminants which are in today’s
rulemaking. EPA believes that the
mandatory health effects language is the
most appropriate way to inform the
affected public of the potential health
implications of violating a particular
EPA standard.

3. Summary of Comments

EPA received comments on the topic
of the public notification language for
TTHM, HAAZS, chlorine, chloramines,
chlorine dioxide, and enhanced
coagulation. Some commenters noted
that the language in 141.32(¢e)(79) is
satisfactory. One commenter requested
that the language for DBPs be modified
to recognize that disinfectants react with
naturally occurring organic and
inorganic matter to form DBPs. Some
commenters did not support the use of
the same public notification language
for both DBP MCL and enhanced
coagulation treatment technique
violations. Several commenters
suggested that the content of the notices
for chlorine, chloramine, and chlorine
dioxide should reflect that disinfection
is an essential step in surface water
treatment. One commenter suggested
that the language for chlorine dioxide
acute effects should be deleted. Other
commenters felt that the notice to
consumers of chlorine dioxide
violations at the treatment facility
which do not result in violations in the
distribution system (nonacute
violations) should not require public
notification.

In response, EPA has modified the
public notification language for DBPs to
indicate that disinfectants react with
naturally occurring organic and
inorganic matter to form DBPs. EPA
believes it is appropriate to use the same
public notification language for the
enhanced coagulation treatment
technique violation as for violations for
the TTHM and HAA5 MCLs, since
enhanced coagulation is meant to limit
exposure to DBPs. EPA believes the
current language in the public
notification language is appropriate to
reflect that disinfection is an essential
step in water treatment. EPA believes
that since the potential health effects
from chlorine dioxide are short-term
that it is appropriate to maintain the
acute effects language to protect the
fetus, infants, and children. In general,
the public notification requirements for
the Stage 1 DBPR will not substantially

change from that included in the 1994
Proposed Stage 1 DBPR (EPA, 1994a).

K. System Reporting and Record
Keeping Requirements

1. Today’s Rule

The Stage 1 DBPR, consistent with the
current system reporting regulations
under 40 CFR 141.31, requires PWSs to
report monitoring data to States within
ten days after the end of the compliance
period. In addition, systems are required
to submit the data required in §141.134.
These data are required to be submitted
quarterly for any monitoring conducted
quarterly or more frequently, and within
10 days of the end of the monitoring
period for less frequent monitoring.
Systems that are required to do extra
monitoring because of the disinfectant
used have additional reporting
requirements specified. This applies to
systems that use chlorine dioxide (must
report chlorine dioxide and chlorite
results) and ozone (must report bromate
results).

Subpart H systems that use
conventional treatment are required to
report either compliance/
noncompliance with DBP precursor
(TOC) removal requirements or report
which of the enhanced coagulation/
enhanced softening exemptions they are
meeting. There are additional
requirements for systems that cannot
meet the required TOC removals and
must apply for an alternate enhanced
coagulant level. These requirements are
included in §141.134(b).

Calculation of compliance with the
TOC removal requirements is based on
normalizing the percent removals over
the most recent four quarters, since
compliance is based on that period.
Normalization, which would prescribe
equal weight to the data collected each
month, is necessary since source water
guality changes may change the percent
TOC removal requirements from one
month to another. EPA has developed a
sample reporting and compliance
calculation sheet that will be available
in the enhanced coagulation guidance
manual to assist utilities in making
these calculations.

2. Summary of Comments

There were no significant comments
on the system reporting and
recordkeeping requirements and
therefore EPA is finalizing the
requirements as proposed.

L. State Recordkeeping, Primacy, and
Reporting Requirements

The SDWA provides that States and
eligible Indian Tribes may assume
primary enforcement responsibilities.
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Fifty-four out of fifty-six State and
territorial jurisdictions have applied for
and received primary enforcement
responsibility (primacy) under the Act.
No Tribes have received primacy. To
obtain primacy for the federal drinking
water regulations, States must adopt
their own regulations which are at least
as stringent as the federal regulations.
This section describes the regulations
and other procedures and policies that
States must adopt to implement the
final Stage 1 DBPR.

To implement the final rule, States are
required to adopt the following
regulatory requirements:

—Section 141.32, Public Notification;
—Section 141.64, MCLs for Disinfection

Byproducts;

—Section 141.65, MRDLs for

Disinfectants;

—Subpart L, Disinfectant Residuals,

Disinfectant Byproducts, and

Disinfection Byproduct Precursors.

In addition to adopting regulations no
less stringent than the federal
regulations, States must adopt certain
requirements related to this regulation
in order to have their program revision
applications approved by EPA. This rule
also requires States to keep specific
records and submit specific reports to
EPA.

On April 28, 1998, EPA amended its
State primacy regulations at 40 CFR
142.12 to incorporate the new process
identified in the 1996 SDWA
amendments for granting primary
enforcement authority to States while
their applications to modify their
primacy programs are under review (63
FR 23362; EPA, 1998i). The new process
grants interim primary enforcement
authority for a new or revised regulation
during the period in which EPA is
making a determination with regard to
primacy for that new or revised
regulation. This interim enforcement
authority begins on the date of the
primacy application submission or the
effective date of the new or revised State
regulation, whichever is later, and ends
when EPA makes a final determination.
However, this interim primacy authority
is only available to a State that has
primacy for every existing national
primary drinking water regulation in
effect when the new regulation is
promulgated.

As a result, States that have primacy
for every existing NPDWR already in
effect may obtain interim primacy for
this rule, beginning on the date that the
State submits its complete and final
primacy application for this rule to EPA,
or the effective date of its revised
regulations, whichever is later. In
addition, a State which wishes to obtain

interim primacy for future NPDWRs
must obtain primacy for this rule.

1. State Recordkeeping Requirements

a. Today’s Rule. The current
regulations in § 142.14 require States
with primacy to keep various records,
including analytical results to determine
compliance with MCLs, MRDLs, and
treatment technique requirements;
system inventories; State approvals;
enforcement actions; and the issuance of
variances and exemptions. The Stage 1
DBPR requires States to keep additional
records of the following, including all
supporting information and an
explanation of the technical basis for
each decision:

(1) Records of determinations made
by the State when the State has allowed
systems additional time to install GAC
or membrane filtration. These records
must include the date by which the
system is required to have completed
installation;

(2) Records of systems that are
required to meet alternative minimum
TOC removal requirements or for whom
the State has determined that the source
water is not amendable to enhanced
coagulation. These records must include
the results of testing to determine
alternative limits and the rationale for
establishing the alternative limits;

(3) Records of subpart H systems
using conventional treatment meeting
any of the enhanced coagulation or
enhanced softening exemption criteria;

(4) Register of qualified operators;

(5) Records of systems with multiple
wells considered to be one treatment
plant for purposes of determining
monitoring frequency;

(6) Records of the sampling plans for
subpart H systems serving more than
3,300 persons must be keep on file at
the State after submission by the system;

(7) A list of laboratories that have
completed performance sample analyses
and achieved the quantitative results for
TOC, TTHMs, HAADS, bromate, and
chlorite; and

(8) A list of all systems required to
monitor for disinfectants and DBPs
under subpart L.

b. Background and Analysis. In
addition to requesting comments on the
requirements (1) through (5), and (7)
and (8) listed above, EPA also requested
comments on whether States should be
required to keep the monitoring plan
submitted by systems serving more than
3,300 people on file at the State after
submission to make it available for
public review.

¢. Summary of Comments. There were
several commenters who suggested that
EPA should keep in mind State budget
constraints when requiring specific

additional recordkeeping requirements.
Other commenters stated that they
believed the requirements were
necessary. EPA understands
commenters concerns with requiring
recordkeeping requirements that are
unnecessary, but believes this
information is important to conduct
effective State program oversight,
including the review of State decisions
and their basis. After further review,
EPA has decided to eliminate the
requirement in the proposal that States
must keep records of systems that apply
for alternative TOC performance
criteria. EPA is more concerned with the
systems that are required to meet
alternative TOC performance criteria,
not the systems that have applied for the
alternative performance criteria. In
addition, EPA has added three
recordkeeping requirements, two of
which were originally in the reporting
requirements section and one for which
EPA requested comment.

The first additional requirement will
require States to keep lists of all systems
required to monitor for various
disinfectants and DBPs (#8 above). The
second additional requirement will
require States to maintain a list of
laboratories that have completed
performance sample analyses and
achieved the quantitative results for
TOC, TTHMs, HAAS5, bromate, and
chlorite (#6 above). EPA believes both of
these recordkeeping requirements are
necessary to ensure adequate EPA
program oversight. As discussed below,
these two requirements are no longer in
the State reporting requirements as EPA
has decided that the requirements in the
proposal on State reporting
requirements are not needed on a
regular basis, but are needed for
program oversight. The third additional
requirement pertains to the request for
comment in the proposal on
maintaining the monitoring plans
submitted by systems (#6 above).
Several commenters supported this
additional requirement stating that it
was a necessary element for
implementing the final rule. Others
believed it was not necessary to keep
this on file because the public could
request this information from the system
or the State as normal public records.
EPA believes that it is important for
States to review, and keep on file the
systems monitoring plan to ensure that
the PWS is monitoring and calculating
compliance in accordance with the
plan. This will also enable the public to
view the plan. Thus, EPA is adding this
requirement to the final recordkeeping
requirements. In conclusion, based on a
review of all public comments the final
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rule contains eight State recordkeeping
requirements in addition to those
required under current regulations in
§142.14.

2. Special Primacy Requirements

a. Today’s Rule. To ensure that a State
program includes all the elements
necessary for an effective and
enforceable program under today’s rule,
a State application for program revision
approval must include a description of
how the State will:

(1) Determine the interim treatment
requirements for systems granted
additional time to install GAC and
membrane filtration under 141.64(b)(2).

(2) Qualify operators of community
and nontransient noncommunity water
systems subject to this regulation under
141.130(c). Qualification requirements
established for operators of systems
subject to 40 CFR Part 141 Subpart H
(Filtration and Disinfection) may be
used in whole or in part to establish
operator qualification requirements for
meeting subpart L requirements if the
State determines that the subpart H
requirements are appropriate and
applicable for meeting subpart L
requirements.

(3) Approve DPD colorimetric tests
kits for free and total chlorine
measurements under 141.131(c)(2).
State approval granted under subpart H
(8141.74(a)(2)) for the use of DPD
colorimetric test Kits for free chlorine
testing would be considered acceptable
approval for the use of DPD test kits in
measuring free chlorine residuals as
required in subpart L.

(4) Approve parties to conduct
analyses of water quality parameters
under 141.132(a)(2) (pH, alkalinity,
bromide, and residual disinfectant
concentration measurements). The
State’s process for approving parties
performing water quality measurements
for systems subject to subpart H
requirements may be used for approving
parties measuring water quality
parameters for systems subject to
subpart L requirements, if the State
determines the process is appropriate
and applicable.

(5) Define criteria to use in
determining if multiple wells are being
drawn from a single aquifer and
therefore can be considered as a single
source under 141.132(a)(2). Such
criteria will be used in determining the
monitoring frequency for systems using
only ground water not under the direct
influence of surface water.

(6) Approve alternative TOC removal
levels as allowed under 141.135(b).

b. Background and Analysis. As
discussed above, EPA included several
special primacy requirements to ensure

that State programs contain all the
essential elements for an effective
program. Specifically, EPA believes the
special requirements are important to
ensure that the process or approach
used by the State for evaluating whether
the interim treatment in place for
systems granted additional time to
install GAC or membranes or alternative
enhanced coagulation levels will be
protective of public health. The
requirement to have qualified operators
is important because the treatment
technologies used to comply with the
Stage 1 DBPR and the IESWTR
simultaneously are complex and will
require a certain level of expertise. The
requirement to approve parties for
conducting analyses of specific water
quality parameters is important because
each of the parameters required to be
tested is critical to a specific component
of the final rule (e.g., bromide ion is
important because for bromate it is
possible to reduce monitoring from
monthly to once per quarter, if a system
demonstrates that the average raw water
bromide concentration is less than 0.05
mg/L based upon representative
monthly measurements for one year).
Finally, it is important to define the
criteria used to determine if multiple
wells are to be considered a single
source as this could have significant
implications for monitoring.

c. Summary of Comments. There were
no significant comments on the primacy
requirements. The only change from the
proposal was to delete the requirement
that States must have approved parties
to perform temperature evaluations.
This requirement was included in the
proposed rule because of the need to
have accurate measurements as a part of
the process for not allowing
predisinfection credit. Since the final
rule allows credit for compliance with
applicable disinfection requirements
consistent with the SWTR, the
temperature requirement was removed.

3. State Reporting Requirements

a. Today’s Rule. EPA currently
requires in §142.15 that States report to
EPA information such as violations,
variance and exemption status, and
enforcement actions. The Stage 1 DBPR
does not add any additional reporting
requirements.

b. Background and Analysis. The
preamble to the proposed rule included
six State reporting requirements. These
included:

(2) A list of all systems required to
monitor for various disinfectants and
disinfection byproducts;

(2) A list of all systems for which the
State has granted additional time for

installing GAC or membrane technology
and the basis for the additional time;

(3) A list of laboratories that have
completed performance sample analyses
and achieved the quantitative results for
TOC, TTHMs, HAAS, bromate, and
chlorite;

(4) A list of all systems using multiple
ground water wells which draw from
the same aquifer and are considered a
single source for monitoring purposes;

(5) A list of all Subpart H systems
using conventional treatment which are
not required to operate with enhanced
coagulation, and the reason why
enhanced coagulation is not required for
each system; and

(6) A list of all systems with State-
approved alternate performance
standards (alternate enhanced
coagulation levels).

c. Summary of Comments. Several
commenters stated that the reporting
requirements were not necessary to
operate an oversight program and that
these reports could be made available
for EPA review during annual audits.
EPA agrees with commenters that the
reports are not necessary to operate an
oversight program, and that if needed
EPA could request this information from
the States. However, EPA does believe
it is important that States maintain this
information in their records. In
conclusion, based on commenters
concerns and for the reasons cited
above, the final rule contains no
additional State reporting requirements
other than those required by 142.15.

M. Variances and Exemptions
1. Today’s Rule

Variances may be granted in
accordance with section 1415(a)(1)(A) of
the SDWA and in accordance with
1415(e) and EPA’s regulations.
Exemptions may be granted in
accordance with section 1416(a) of the
SDWA and EPA’s regulations.

2. Background and Analysis

Variances. The SDWA provides for
two types of variances—general
variances and small system variances.
Under section 1415(a)(1)(A) of the
SDWA, a State which has primary
enforcement responsibility (primacy), or
EPA as the primacy agency, may grant
variances from MCLs to those public
water systems of any size that cannot
comply with the MCLs because of
characteristics of the water sources. The
primacy agency may grant general
variances to a system on condition that
the system install the best available
technology, treatment techniques, or
other means, and provided that
alternative sources of water are not
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reasonably available to the system. At
the time this type of variance is granted,
the State must prescribe a compliance
schedule and may require the system to
implement additional control measures.
Furthermore, before EPA or the State
may grant a general variance, it must
find that the variance will not result in
an unreasonable risk to health (URTH)
to the public served by the public water
system.

Under section 1413(a)(4), States that
choose to issue general variances must
do so under conditions, and in a
manner, that are no less stringent than
section 1415. Of course, a State may
adopt standards that are more stringent
than the EPA standards. EPA specifies
BATSs for general variance purposes.
EPA may identify as BAT different
treatments under section 1415 for
variances other than the BAT under
section 1412 for MCLs. EPA’s section
1415 BAT findings may vary depending
on a number of factors, including the
number of persons served by the public
water system, physical conditions
related to engineering feasibility, and
the costs of compliance with MCLs. In
this final rule, EPA is not specifying
different BAT for variances under
section 1415(a). Section 1415(e)
authorizes the primacy Agency (EPA or
the State) to issue variances to small
public water systems (those serving less
than 10,000 persons) where the system
cannot afford to comply with an MCL
and where the primacy agency
determines that the terms of the
variances ensure adequate protection of
public health (63 FR 1943-57; EPA,
1998j). These variances also may only
be granted where EPA has identified a
variance technology under Section
1412(b)(15) for the contaminant, system
size and source water quality in
question.

Prior to the 1996 SDWA amendments,
EPA was required to set the MCL for a
contaminant as close to the MCLG as is
feasible. Section 1412(b)(4)(D) of the
SDWA states that “‘the term ““feasible”
means with the use of the best
technology, treatment techniques and
other means which the Administrator
finds, after examination for efficacy
under field conditions and not solely
under laboratory conditions, are
available (taking cost into
consideration).”

The cost assessment for the feasibility
determinations have historically been
based upon impacts to regional and
large metropolitan water systems
serving populations greater than 50,000
people. Since large systems served as
the basis for the feasibility
determinations, the technical and/or
cost considerations associated with

these technologies often were not
applicable to small water systems.
While EPA will continue to use
feasibility for large systems in setting
NPDWRs, the 1996 amendments to the
SDWA specifically require EPA to make
small system technology assessments for
both existing and future regulations.

The 1996 amendments to the SDWA
identifies three categories of small
public water systems that need to be
addressed: (1) those serving a
population between 3301 to 10,000; (2)
those serving a population of 501—
3300; and (3) those serving a population
of 26—500. The SDWA requires EPA to
make determinations of available
compliance technologies and, if needed,
variance technologies for each size
category. A compliance technology is a
technology that is affordable and that
achieves compliance with the MCL and/
or treatment technique. Compliance
technologies can include point-of-entry
or point-of-use treatment units. Variance
technologies are only specified for those
system size/source water quality
combinations for which there are no
listed compliance technologies.

EPA has completed an analysis of the
affordability of DBP control
technologies for each of the three size
categories included above. Based on this
analysis, multiple affordable
compliance technologies were found for
each of the three system sizes (EPA,
1998q and EPA, 1998r) and therefore
variance technologies were not
identified for any of the three size
categories. The analysis was consistent
with the methodology used in the
document ““National-Level Affordability
Criteria Under the 1996 Amendments to
the Safe Drinking Water Act” (EPA,
1998s) and the ‘“Variance Technology
Findings for Contaminants Regulated
Before 1996” (EPA, 1998t).

Exemptions. Under section 1416(a),
EPA or a State may exempt a public
water system from any requirements
related to an MCL or treatment
technique of an NPDWR, if it finds that
(1) due to compelling factors (which
may include economic factors such as
qualification of the PWS as serving a
disadvantaged community), the PWS is
unable to comply with the requirement
or implement measure to develop an
alternative source of water supply; (2)
the exemption will not result in an
unreasonable risk to health; and; (3) the
PWS was in operation on the effective
date of the NPWDR, or for a system that
was not in operation by that date, only
if no reasonable alternative source of
drinking water is available to the new
system; and (4) management or
restructuring changes (or both) cannot
reasonably result in compliance with

the Act or improve the quality of
drinking water.

If EPA or the State grants an
exemption to a public water system, it
must at the same time prescribe a
schedule for compliance (including
increments of progress or measures to
develop an alternative source of water
supply) and implementation of
appropriate control measures that the
State requires the system to meet while
the exemption is in effect. Under section
1416(b)(2)(A), the schedule prescribed
shall require compliance as
expeditiously as practicable (to be
determined by the State), but no later
than 3 years after the effective date for
the regulations established pursuant to
section 1412(b)(10). For public water
systems which do not serve more than
a population of 3,300 and which need
financial assistance for the necessary
improvements, EPA or the State may
renew an exemption for one or more
additional two-year periods, but not to
exceed a total of 6 years, if the system
establishes that it is taking all
practicable steps to meet the
requirements above.

A public water system shall not be
granted an exemption unless it can
establish that either: (1) the system
cannot meet the standard without
capital improvements that cannot be
completed prior to the date established
pursuant to section 1412(b)(10); (2) in
the case of a system that needs financial
assistance for the necessary
implementation, the system has entered
into an agreement to obtain financial
assistance pursuant to section 1452 or
any other Federal or state program; or
(3) the system has entered into an
enforceable agreement to become part of
a regional public water system.

3. Summary of Comments on Variance
and Exemptions

In the 1994 proposal, EPA requested
comment on whether exemptions to the
rule should be granted if a system could
demonstrate to the State that due to
unique water quality characteristics it
could not avoid, through the use of
BAT, the possibility of increasing total
health risk to its consumers by
complying with the Stage 1 regulations.
The Agency requested information
under which such a scenario may
unfold. Several commenters supported
granting exemptions provided a system
could demonstrate that installation of
BAT will increase the total health risk.

After additional consideration, EPA
believes it is not appropriate, for several
reasons, to grant exemptions based on a
demonstration that the use of BAT
could increase the total health risk by
complying with the Stage 1 DBPR. First,
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EPA does not believe the analytical
tools and methodologies are currently
available that would allow a
determination of whether the total
health risk from the installation of BAT
would increase. Second, at the time of
proposal there was concern that in
waters with high bromide
concentrations it may be possible to
increase the concentrations of certain
brominated DBPs when using precursor
removal processes even though the
concentrations of the TTHMs and HAA5
may decrease. Also, at the time of
proposal, the health risks associated
with many of the brominated DBPs was
unknown, and it was unclear whether
the benefits of lowering the
concentrations of chlorinated DBPs
outweigh the possible downside risks of
increasing certain brominated DBPs.
Since the proposal, some additional
health effects research has been
completed evaluating the toxicity of
brominated DBPs. However, this
research is still preliminary and no
conclusions can be drawn on the
potential for increased risks from the
brominated DBPs. In addition, it is
unclear to what extent the use of
precursor removal processes will change
the concentrations of certain brominated
DBPs. The ICR data should provide
some additional information that may
be helpful in this area along with
additional ongoing research. This
information will be available for
consideration in the Stage 2 rule
deliberations. Based on the reasons
stated above, EPA does not believe it is
appropriate to allow exemptions to the
rule based on a finding that the
installation of BAT would increase the
total risk from DBPs.

N. Laboratory Certification and
Approval

1. Today’s Rule

EPA recognizes that the effectiveness
of today’s regulations depends on the
ability of laboratories to reliably analyze
the regulated disinfectants and DBPs at
the MRDL or MCL, respectively.
Laboratories must also be able to
measure the trihalomethanes and
haloacetic acids at the reduced
monitoring trigger levels, which are
between 25 and 50 percent of the MCLs
for these compound classes. EPA has
established State primacy requirements
for a drinking water laboratory
certification program for the analysis of
DBPs. States must adopt a laboratory
certification program as part of primacy.
[40 CFR 142.10(b)]. EPA has also
specified laboratory requirements for
analyses of DBP precursors and
disinfectant residuals which must be

conducted by approved parties. [40 CFR
141.89 and 141.74]. EPA’s ““Manual for
the Certification of Laboratories
Analyzing Drinking Water”’, EPA 815—
B-97-001—(EPA, 19979), specifies the
criteria for implementation of the
drinking water laboratory certification
program.

In today’s rule, EPA is promulgating
MCLs for TTHMs, HAAS5, bromate, and
chlorite. Today’s rule requires that only
certified laboratories be allowed to
analyze samples for compliance with
the proposed MCLs. For the
disinfectants and certain other
parameters in today’s rule, which have
MRDLs or monitoring requirements,
EPA is requiring that analyses be
conducted by a party acceptable to the
State.

Performance evaluation (PE) samples,
which are an important tool in the
SDWA laboratory certification program
(laboratories seeking certification) may
be obtained from a PE provider
approved by the National Institute of
Science and Technology (NIST). To
receive and maintain certification, a
laboratory must use a promulgated
method and, at least once per year,
successfully analyze an appropriate PE
sample. In the drinking water PE
studies, NIST-approved providers will
provide samples for bromate, chlorite,
five haloacetic acids, four
trihalomethanes, free chlorine, and
alkalinity. The NIST-approved PE
providers will provide total chlorine
and TOC samples in the wastewater PE
studies and have the potential to
provide these samples for drinking
water studies. Due to the lability of
chlorine dioxide, EPA does not expect
a suitable PE sample can be designed for
chlorine dioxide measurements.

PE Sample Acceptance Limits for
Laboratory Certification. Historically,
EPA has set minimum PE acceptance
limits based on one of two criteria:
statistically derived estimates or fixed
acceptance limits. Statistical estimates
are based on laboratory performance in
the PE study. Fixed acceptance limits
are ranges around the true concentration
of the analyte in the PE sample. Today’s
rule combines the advantages of these
approaches by specifying statistically-
derived acceptance limits around the
study mean, within specified minimum
and maximum fixed criteria.

EPA believes that specifying
statistically-derived PE acceptance
limits with upper and lower bounds on
acceptable performance provides the
flexibility necessary to reflect
improvement in laboratory performance
and analytical technologies. The
acceptance criteria maintain minimum
data quality standards (the upper

bound) without artificially imposing
unnecessarily strict criteria (the lower
bound). Therefore, EPA is establishing
the following acceptance limits for
measurement of bromate, chlorite, each
haloacetic acid, and each
trihalomethane in a PE sample.

EPA is defining acceptable
performance for each chemical
measured in a PE sample from estimates
derived at a 95% confidence interval
from the data generated by a statistically
significant number of laboratories
participating in the PE study. However,
EPA requires that these acceptance
criteria not exceed +50% nor be less
than £15% of the study mean. If
insufficient PE study data are available
to derive the estimates required for any
of these compounds, the acceptance
limit for that compound will be set at
1+50% of the study true value. The true
value is the concentration of the
chemical that EPA has determined was
in the PE sample.

EPA recognizes that when using
multianalyte methods, the data
generated by laboratories that are
performing well will occasionally
exceed the acceptance limits. Therefore,
to be certified to perform compliance
monitoring using a multianalyte
method, laboratories are required to
generate acceptable data for at least 80%
of the regulated chemicals in the PE
sample that are analyzed with the
method. If fewer than five compounds
are included in the PE sample, data for
each of the analytes in that sample must
meet the minimum acceptance criteria
in order for the laboratory to be
certified.

Approval Criteria for Disinfectants
and Other Parameters. Today’s rule
establishes MRDLs for the three
disinfectants—chlorine, chloramines,
and chlorine dioxide. In addition, EPA
has established monitoring
requirements for TOC, alkalinity, and
bromide; there are no MCLs for these
parameters. In previous rules [40 CFR
141.28, .74, and .89], EPA has required
that measurements of alkalinity,
disinfectant residuals, pH, temperature,
and turbidity be made with an approved
method and conducted by a party
approved (not certified) by the State. In
today’s rule, EPA requires that samples
collected for compliance with today’s
requirements for alkalinity, bromide,
residual disinfectant, and TOC be
conducted with approved methods and
by a party approved by the State.

Other Laboratory Performance
Criteria. For all contaminants and
parameters required to be monitored in
today’s rule, the States may impose
other requirements for a laboratory to be
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certified or a party to be approved to
conduct compliance analyses.

2. Background and Analysis

The laboratory certification and
approval requirements that today’s rule
establishes are unchanged from those
proposed by EPA in 1994.

3. Summary of Comments

EPA received few comments on
laboratory certification and approval.
Commenters requested clarification of
the use of the +50% upper bound and
+15% lower bound, along with the use
of statistically derived limits. EPA
believes that statistically derived limits
provide flexibility to allow laboratory
certification standards to reflect
improvement in laboratory performance
and analytical technologies. As
laboratories become more proficient in
conducting these analyses, statistically
derived acceptance limits may drop.
However, to prevent the exclusion of
laboratories capable of producing data
of sufficient quality for compliance
purposes, EPA has established a lower
bound for acceptance limits of +15%.
EPA is imposing an upper bound on
acceptable performance to establish
minimum data quality standards.
Results outside of this range have
unacceptable accuracy for compliance
determinations. These upper and lower
bounds were not determined
statistically; they are the data quality
objectives the Agency has determined as
acceptable.

IV. Economic Analysis

Under Executive Order 12866,
Regulatory Planning and Review, EPA
must estimate the costs and benefits of
the Stage 1 DBPR in a Regulatory Impact
Analysis (RIA) and submit the analysis
to Office of Management and Budget
(OMB) in conjunction with publishing
the final rule. EPA has prepared an RIA
to comply with the requirements of this
Order. This section provides a summary
of the information from the RIA for the
Stage 1 DBPR (USEPA 1998g).

A. Today’s Rule

EPA has estimated that the total
annualized cost, for implementing the
Stage 1 DBPR is $701 million in 1998
dollars (assuming a 7 percent cost of
capital). This estimate includes
annualized treatment costs to utilities
($593 million), start-up and annualized
monitoring costs to utilities ($91.7
million), and startup and annualized
monitoring costs to states ($17.3
million). Annualized treatment costs to
utilities includes annual operation and
maintenance costs ($362 million) and
annualized capital costs assuming 7

percent cost of capital ($230 million).
The basis for these estimates, and
alternate cost estimates using different
cost of capital assumptions are
described later in this section. While the
benefits of this rule are difficult to
quantify because of the uncertainty
associated with risks from exposure to
DBPs (and the resultant reductions in
risk due to the decreased exposure from
DBPs), EPA believes that there is a
reasonable likelihood that the benefits
will exceed the costs. Various
approaches for assessing the benefits are
considered and described in the benefits
and net benefits sections of this
preamble.

B. Background

1. Overview of RIA for the Proposed
Rule

In the RIA for the 1994 proposed
Stage 1 DBPR (EPA, 1994i) EPA
estimated the national capital and
annualized utility costs (sum of
amortized capital and annual operating
costs, assuming 10% cost of capital) for
all systems at $4.4 billion and $1.04
billion, respectively. The cost and
reduction in DBP exposure estimates of
the 1994 RIA were derived using a
Disinfection Byproduct Regulatory
Analysis Model (DBPRAM). The
DBPRAM consisted of a collection of
analytical models which used Monte
Carlo simulation techniques to produce
national forecasts of compliance and
exposure reductions for different
regulatory scenarios. The TWG,
representing members of the Reg. Neg.
Committee, used the best available
information at the time as inputs to the
DBPRAM, and for making further
adjustments to the model predictions.
The Stage 1 DBPR compliance and
exposure forecasts were affected by
constraints imposed by the 1994
proposed IESWTR option which would
have required systems to provide
enough disinfection, while not allowing
for disinfection credit prior to TOC
removal by enhanced coagulation, to
achieve a 10_,4 annual risk of infection
from Giardia (EPA, 1994a). The
compliance forecast assumed that a
substantial number of systems would
need to install advanced technologies to
meet the Stage 1 DBPR because of
needing to achieve the 10_,4 annual risk
level from Giardia while no longer being
allowed disinfection credit prior to TOC
removal.

Predicted benefits for the proposed
Stage 1 DBPR were derived assuming a
baseline risk ranging from 1 to 10,000
cancer cases per year (based on analysis
of available toxicological and
epidemiological data) and assuming

reductions in the cancer risks were
proportional to reductions in TTHM,
HAADS5, or TOC levels (predicted from
compliance forecasts). Negotiators
agreed that the range of possible risks
attributed to chlorinated water should
consider both toxicological data and
epidemiological data, including the
Morris et al. (1992) estimates. No
consensus, however, could be reached
on a single likely risk estimate.
Therefore, the predicted benefits for the
proposal ranged from one to several
thousands cases of cancer being avoided
per year after implementation of the
Stage 1 DBPR. Despite, the uncertainty
in quantifying the benefits from the
Stage 1 DBPR, the Reg. Neg. Committee
recognized that risks from chlorinated
water could be large, and therefore
should be reduced. The Reg. Neg.
Committee also recommended that the
proposed Stage 1 DBPR provided the
best means for reducing risks from DBPs
until better information become
available.

For a more detailed discussion of the
cost and benefit analysis of the 1994
proposed DBPR refer to the preamble of
the proposed rule (EPA, 1994a) and the
RIA for the proposed rule (EPA, 1994i).

2. Factors Affecting Changes to the 1994
RIA

a. Changes in Rule Criteria. Based on
the new data reflecting the feasibility of
enhanced coagulation, as discussed
previously, the enhanced coagulation
requirements were modified by
decreasing the percent TOC removal
requirements by 5 percent for systems
with low TOC level waters (i.e., 2—4 mg/
L TOC). These new percent TOC
removal requirements were used with
new source and finished water TOC
occurrence data to revise the estimates
for the number of systems requiring
enhanced coagulation.

The IESWTR was revised from the
proposal to allow inactivation credit for
disinfection prior to and during stages
of treatment for precursor removal.
Also, the proposed IESWTR was revised
to include disinfection benchmark
criteria, in lieu of requiring treatment to
an acceptable risk level, to prevent
increases in microbial risk while
systems complied with the Stage 1
DBPR. These two rule changes were
considered in revising the forecasts of
compliance and changes in exposure
resulting from the Stage 1 DBPR.

b. New Information Affecting DBP
Occurrence and Compliance Forecasts.
Since the rule was proposed, new
sources of data have become available
that were used to update the 1994 RIA.
The new data includes:
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¢ Updated costs for different
treatment technologies (e.g.,
membranes) used in the DBP Cost and
Technology Document, (EPA, 1998Kk);

¢ 1996 data from the AWWA Water
Industry Data Base on TOC, TTHM and
HAAGS occurrence, and disinfection
practices;

¢ Plant schematics of treatment
processes for ICR utilities;

* Research data from numerous
sources regarding the efficacy of
enhanced coagulation for precursor
removal and resultant DBP formation
(Krasner, 1997; and EPA, 1997b);

* New research results produced in
jar tests by TWG members documenting
the effect of moving the point of
predisinfection under varying
conditions (Krasner, 1997 and EPA,
1997b).

This new information has been
described in the 1997 DBP NODA (EPA,
1997b). Public comments received in
1997, supported using the above
information in revising the decision tree
analysis. Discussion on the decision tree
changes are in section 1V.C of this
preamble.

c. New Epidemiology Information.
Since the proposal, EPA has completed

an reassessment of the Morris et al.
(1992) meta-analysis (Poole, 1997).
Review of the meta-analysis indicated
that the estimate of cancer cases had
limited utility for risk assessment
purposes for methodological reasons
(EPA, 19981 and EPA, 1998m). EPA has
decided not to use the Morris et al.
(1992) meta-analysis to estimate the
potential benefits from the Stage 1
DBPR. EPA has considered new
epidemiology studies conducted since
the time of proposal and completed an
assessment of the potential number of
bladder cancer cases that could be
attributed to exposure from chlorinated
surface waters. Based on this assessment
of epidemiological studies, EPA
estimates that between 1100-9300
bladder cancer cases per year could be
attributed to exposure to chlorinated
surface waters (EPA, 1998c). Due to the
wide uncertainty in these estimates, the
true number of attributable cases could
also be zero. The basis for these bladder
cancer case estimates and potential
reductions in risk resulting from the
Stage 1 DBPR is discussed further in the
benefits and net benefits sections that
follow.

C. Cost Analysis

National cost estimates of compliance
with the Stage 1 DBPR were derived
from estimates of utility treatment costs,
monitoring and reporting costs, and
start-up costs. Utility treatment costs
were derived using compliance forecasts
of technologies to be used and unit costs
for the different technologies.

1. Revised Compliance Forecast

The TWG, supporting the M-DBP
Advisory Committee, used the 1996
AWWA Water Industry Data Base
(WIDB) to reevaluate the compliance
decision tree used in the RIA for the
1994 proposal. The WIDB provided
occurrence data on TOC level in raw
water and finished water, TTHM and
HAADS levels within distribution
systems, and information on
predisinfection practices.

The above information was used to
predict treatment compliance choices
that plants would likely make under the
Stage 1 DBPR. Table IV-1 illustrates
how the compliance forecast changed
for large systems using surface water
since the time of proposal.

TABLE IV—1.—COMPARISONS OF COMPLIANCE FORECASTS FOR SURFACE WATER SYSTEMS SERVING 210,000
POPULATION FROM THE 1994 PROPOSAL AND FINAL RULE

Treatment

(A) No Further Treatment
(B) Chlorine/Chloramines
(C) Enhanced Coagulation + Chloramines
(D) Enhanced Coagulation + Chlorine
(E) Ozone, Chlorine Dioxide, Granular Activated Carbon, Membranes

Total *

1994 1998

# systems % systems # systems % systems
............................................................................................. 386 27.7 544 39.0
............................................................................................. 41 2.9 231 16.6
.................................................................. 136 9.7 265 19.0
........................................................... 600 43.0 265 19.0
232 16.6 90 6.5

1,395 100 1,395 100

*May not add to total due to independent rounding.

Notable is that the percentage of systems
predicted to use advanced technologies
(ozone, chlorine dioxide, GAC, or
membrane) dropped from 17 percent to
6.5 percent since proposal, and the
percentage of systems not affected by
the rule increased from 28 percent to 39
percent. This shift in predicted
compliance choices is mainly attributed
to less stringent disinfection
requirements under the IESWTR which
would reduce the formation of DBPs
and reduce the number of systems
requiring treatment to meet the Stage 1

DBPR. It also appears that a substantial
number of systems may have already
made treatment changes to comply with
the 1994 proposed rule.

Table IV-2 illustrates how the
compliance forecast changed for small
systems using surface water since the
time of proposal. As for large systems,
the percentage of systems predicted to
use advanced technologies dropped
substantially, from 17 percent to 6.5
percent. This drop in use of advanced
technology (i.e., ozone/chloramines and

membrane technologies) is attributed to
the change in the IESWTR (as described
above) from the time of proposal.
However, unlike for large systems, the
overall percentage of systems predicted
to require treatment modifications did
not change. A higher percentage of
small systems (70 percent) are predicted
to be affected than large systems (61
percent) because previously smaller
systems did not have to comply with a
TTHM standard.
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TABLE V-2

POPULATION FROM THE 1994 PROPOSAL AND FINAL RULE

.—COMPARISON OF COMPLIANCE DECISION TREE FOR SURFACE WATER SYSTEMS SERVING <10,000

1994 1998
# systems % systems # systems % systems
NO FUMhEr TrEAtMENT ....vviiiiiiiiciiieee e e e e e e e e reee e e e e 1,549 30 1,549 30
Number of Affected Systems 3,615 70 3,615 70
Treatment:
ChIOrNE/ChIOTAMINE .....eiiiiiiiii ittt 155 3.0 826 16.0
Enhanced Coagulation ................ 2,169 42.0 1,983 38.4
Enhanced Coagulation/Chloramine 465 9.0 465 9.0
Ozone/Chloramineg .........ccccceveeeieeiiieciienieens 258 5.0 184 3.6
Enhanced Coagulation+Ozone, Chloraming ...........cccoceieiiiiieniien e 258 5.0 0 0
MEMDBIANES ..o 310 6.0 157 3.0

Table IV=3 illustrates the compliance
forecast for ground water systems. This
forecast did not change from the time of
proposal. A smaller percentage of small

ground water systems are anticipated to
need treatment changes (12 percent)

than large ground water systems (15
percent) because the use of disinfectants

TABLE |[V—3.—COMPLIANCE DECISION TREE FOR ALL GROUND WATER SYSTEMS

is more prevalent in large versus small
ground water systems.

Systems <10,000 Systems 210,000

# systems % systems # systems % systems

NO FUMhEr TrEAtMENL ....vviiiiiiiiiee et e e e e s e e e e s et aeae e e e s eeaanes 59,847 88 1,122 85

Percentage of Affected SYSLEIMS .......cooiiiiiiiiiie et 8,324 12 198 15
Treatment:

Chlorine/Chloramine 5,403 8 119 9

Ozone/Chloramine . 0 0 26 2

MEMDIANES ...ttt et e e e et e e e e e st e e e e e e e s et e e eeeeeseabasaeeeeeeasnsbeneeens 2,921 4 53 4

2. System Level Unit Costs

Tables 1IV-4 and IV-5 present the unit cost estimates in 1998 dollars that were utilized for each of the different
treatment technologies in each system size category. Unit costs are presented in $ per 1000 gallons which includes
operation and maintenance costs and amortized capital costs (using a 7% discount rate and a 20 year amortization
period). One dollar per thousand gallons equates to approximately $100 per household per year as an average for
communities in the U.S. More detailed information on these unit costs is available from the EPA’s Cost and Technology
Document (EPA, 1998Kk).

TABLE IV-4.—SURFACE WATER SYSTEMS COSTS FOR DBP CONTROL TECHNOLOGIES ($/KGAL) AT 7% COST OF CAPITAL

Population size category
25-100 | 100-500 | 500-1K | 1-3.3K | 3.3-10K | 10-25K | 25-50K | 50-75K | 75-100K | 140t¢~ |500K-1M | >IM
Chlorine/Chloramine .............. 0.71 0.19 0.06 0.03 0.03 0.02 0.01 0.01 0.01 0.01 0.01 0.01
Enhanced Coagulation (EC) 0.15 0.13 0.12 0.11 0.09 0.08 0.07 0.07 0.07 0,07 0.06 0.06
EC/Chloraming ............coceee.. 0.87 0.32 0.18 0.14 0.12 0.09 0.08 0.08 0.08 0.07 0.07 0.07
Ozone/Chloramine ...... 12.67 3.21 1.05 0.52 0.38 0.23 0.13 0.10 0.08 0.06 0.04 0.04
EC+0Ozone, Chloramine . 12.82 3.34 1.17 0.63 0.47 0.30 0.20 0.17 0.15 0.13 0.11 0.10
EC+GAC10 ....coovvvenn. 6.24 2.43 1.21 0.81 0.59 0.46 0.37 0.35 0.29 0.24 0.19 0.16
EC+GAC20 ....... 14.11 5.87 3.45 2.45 1.87 1.48 1.05 1.00 0.90 0.64 0.48 0.41
Chlorine Dioxide 24.33 5.73 1.65 0.64 0.24 0.11 0.07 0.07 0.06 0.05 0.04 0.04
Membranes ............cococueeunnnn. 3.40 3.47 3.39 2.65 1.72 0.96 0.96 0.87 0.87 0.87 0.87 0.87
TABLE IV-5.—GROUND WATER SYSTEMS COSTS FOR DBP CONTROL TECHNOLOGIES ($/KGAL) AT 7% COST OF CAPITAL
Population size category
25-100 | 100-500 | 500-1K | 1-3.3K | 3.3-10K | 10-25K | 25-50K | 50-75K | 75-100K 150000*f<‘ 500K-1M | >1M
Chlorine/Chloramine .............. 0.72 0.19 0.06 0.03 0.03 0.02 0.01 0.01 0.01 0.01 0.01 0.01
Ozone/Chloramine ... 12.67 3.21 1.05 0.52 0.38 0.23 0.13 0.10 0.08 0.06 0.04 0.04
Membranes ............cooereveinns 3.41 3.47 3.39 2.65 1.72 0.96 0.96 0.87 0.87 0.87 0.87 0.87

cost of capital assumptions under a 20 year amortization period. A cost of capital rate of 7

by OMB for benefit-cost analyses of
provided as a sensitivity analysis to

she

3. National Costs

Table IV—6 provides a detailed summary of national costs in 1998 dollars under the Stage 1 DBPR for different
percent was used to
calculate the unit costs for the national compliance cost model. This rate represents the standard discount rate preferred
overnment programs and regulations. The 3 percent and 10
ow different assumptions about the cost of capital that woul

ercent rates are
affect estimated
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costs. The 10 percent rate also provides a link to the 1994 Stage 1 DBPR cost analysis which was based on a 10
percent rate. EPA believes that the cost estimates presented in Table 1V-6 are probably within +/—30 percent. Uncertainty
around the cost estimates pertain to compliance forecast estimates, unit cost estimates for the different technologies
as they may pertain to individual sites, and estimated costs associated with monitoring.

TABLE IV—6.—SUMMARY OF COSTS UNDER THE STAGE 1 DBPR ($000)

Surface water systems Ground water systems
Utilities Costs All systems
Small Large Total Small ‘ Large ‘ Total
Summary of Costs at 3 Percent Cost of Capital
Treatment Costs
Total Capital COStS .....cceevvriiiierieiienieiiens 242,652 554,564 797,216 997,537 528,539 1,526,076 2,323,292
Annual O&M .........cccceeueee 23,068 201,308 224,376 83,910 54,243 137,153 362,530
Annualized Capital COStS .......cccoeevveernennnn. 16,326 37,161 53,487 67,287 35,618 102,905 156,392
Annual Utility Treatment Costs ................. 39,394 238,469 277,863 151,197 89,861 240,058 518,922
Monitoring and Reporting Cost:
Start-Up COStS ...oevvvviieeiieeeiieee e 59 28 87 674 26 700 787
Annual Monitoring ........ccceeveveenienicnn. 10,867 14,619 25,486 38,803 26,326 65,129 90,615
State Costs:
Start-Up COSES ......ooiiiiiiiiiiiiiiiiiiiiiis | i | e niiieens | sresniene i | reesieresiennens | e | e 2,919
ANNUAl MONITOTING .oovviiiiiiiiiiiiiiieiis | eeerieenieeiiienie | eeesreesieesieenne | eeeneesiensneeses | veesieessseesienns | seesseesieesnieens | toveesieesnseesieens 13,243
Total Annual Costs at 3 Percent
(0101 o) OF=T 1 = | P U T RS PSSR P IPROTPR 626,486
Summary of Costs at 7 Percent Cost of Capital
Total Capital COStS .......ccocvveevverrieiierieen 242,652 554,564 797,216 997,537 528,539 1,526,076 2,323,292
Annual O&M .........cccceeeneeee 23,068 201,308 224,376 83,910 54,243 137,153 362,530
Annualized Capital Costs 22,786 62,355 85,141 94,403 50,046 144,499 229,590
Annual Utility Treatment Costs ................. 45,855 263,663 309,518 178,313 104,289 282,602 592,120
Monitoring and Reporting Cost:
Start-Up COStS .....oovveeveieiieiieeieeeeenn 82 39 121 946 36 982 1,103
Annual Monitoring .......cccceevevvenenenene. 10,867 14,619 25,486 38,803 26,326 65,129 90,615
State Costs:
StArt-UP COSES oiiiiiiiiiiieiiiiiiiiieeeinns | rrrrereesnsniinee | eeeeeiiiiiirreesens | tnsiiereeesssnniies | sereeeessnsinnneens | eerensinneeeeessnns | sreeeeessssnnnnen 4,099
PN Lo 10T ULV, [o a1 (o] o o S LSO S B USRS ESPRRRRR 13,243
Total Annual Costs at 7 Percent
Cost Of Capital ....oooveeiiiiiiiiiiii | eriieeiiiieeiiies | creeeriieeeniiees | eeeereeenireeen | eeerireeenieeeene | eereeeesieeeenies | e 701,180
Summary of Costs at 10 Percent Cost of Capital
Total Capital costs ... 242,652 554,564 797,216 997,537 528,539 1,526,076 2,323,292
Annual O&M .........cccceevueeee 23,068 201,308 224,376 83,910 54,243 137,153 362,530
Annualized Capital Costs ............ 28,423 74,639 103,062 117,328 62,522 179,850 282,912
Annual Utility Treatment Costs ................. 51,491 275,947 327,438 201,238 116,765 317,003 645,442
Monitoring and Reporting Cost:
Start-Up COStS ...oevvviiieeiieeecieee e 102 48 150 1,177 45 1,222 1,372
Annual Monitoring .......cccceevveveerienecnn 10,867 14,619 25,486 38,803 26,326 65,129 90,615
State Costs:
Start-Up Costs ........ 5,100
Annual Monitoring 13,243
Total Annual Costs at 10 Percent
(101 S ) L OF=T ] - | R E U R SRS SRR SRR 755,772

The total national costs of the final
Stage 1 DBPR are less than estimated in
the RIA for the proposed rule in 1994,
The estimated capital costs of the 1994
proposal in 1998 dollars is $4.97 billion
and the total annual cost (assuming a 10
percent cost of capital as was assumed
in 1994) is $1.3 billion. The drop in
national costs from the 1994 proposal is
mainly attributed to the lowering of the
number of surface water systems

anticipated to need advanced
technologies and lower membrane
technology costs as described above.

D. Benefits Analysis

1. Exposure Assessment

A large portion of the U.S. population
is exposed to DBPs via drinking water.
Over 200 million people in the U.S. are
served by PWSs which apply a
disinfectant (e.g., chlorine) to water in

order to provide protection against
microbial contaminants. Because of the
large number of people potentially
exposed to DBPs, there is a substantial
concern for any health risks which may
be associated with exposure to DBPs.

Several factors are necessary to assess
the exposure to DBPs: the size of the
population potentially at risk; the
method and rate of ingestion; and the
concentration of DBPs in drinking
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water. Because DBPs are formed in
drinking water by the reaction of
disinfectants with natural organic and
inorganic matter, the population at risk
is identified as the population served by
drinking water systems that disinfect.
The population served by each of four
system categories, taken from recent
Safe Drinking Water Act Information

System data (SDWIS) is estimated in
Table IV—7. Based on recent information
from SDWIS, it was assumed that all
surface water systems disinfect and a
portion of ground water systems
disinfect (95 percent by population
among large systems and 83 percent by
population among small systems).
Approximately 239 million persons are

estimated to be served by water systems
that disinfect and are potentially
exposed to DBPs. This widespread
exposure represents over 88 percent of
the total U.S. population (270 million).
The route of exposure is through
drinking disinfected tap water.

TABLE IV—7.—POPULATION POTENTIALLY EXPOSED TO DBPS

Large Surface Water: >10,000 persons
Small Surface Water: <10,000 persons
Large Ground Water: >10,000 persons
Small Ground Water: < 10,000 persons

% of popu- Population
Population lation receiv- | served by sys-
served ing disinfected | tems that dis-
water infect

141,297,000 100 141,297,000
17,232,000 100 17,232,000
56,074,000 95 53,270,300
32,937,000 83 27,337,710
................................................ 239,137,010

In general, little data are available on
the occurrence of DBPs on a national
basis. Although there is sufficient
occurrence data available for THMs in
large water systems to develop a
national occurrence distribution for that
subset of systems, data are limited for
small water systems. Similarly, some
occurrence data for HAAS are available
for large surface water systems, but not
small surface water and groundwater
systems.

2. Baseline Risk Assessment Based on
TTHM Toxicological Data

EPA performed a quantitative risk
assessment using the dose-response
information on THMs. This assessment,
however, captures only a portion of the
potential risk associated with DBPs in
drinking water. It is not possible, given
existing toxicological and exposure
data, to gauge how much of the total
cancer risk associated with the
consumption of chlorinated drinking
water is posed by TTHMs alone. An
assessment of THMs, however, provides
some estimation of the potential human
risk, albeit limited.

Performing the risk assessment based
on TTHM toxicological data requires
making several assumptions and
extrapolations (from a nonhuman
species to humans, from high doses in
the laboratory study to lower
environmental exposures, and from a
nondrinking water route to the relevant
route of human exposure). Assumptions
are also made about the occurrence of
TTHMs and the individual DBPs. EPA
estimated the pre-Stage 1 DBPR TTHM
concentration levels by calculating a
weighted average (based on populations
receiving disinfected waters) of TTHM
levels among the different system type

categories described in Table IV-7.
TTHM levels among systems serving
greater than 10,000 people were
estimated based on average
concentrations among systems in
AWWA's WIDB. TTHM levels in
systems serving less than 10,000 people
were estimated through modeling.
Modeling consisted of applying TTHM
predictive equations to estimates of DBP
precursor levels and treatment
conditions. The mean weighted average
baseline TTHM concentrations among
all the system type categories was 44 pg/
L.

Occurrence data from an EPA DBP
field study indicate that chloroform is
the most common THM (in general,
about 70 percent of total THMs), with
bromoform being the least common (1
percent). Bromodichloromethane has an
occurrence of approximately 20 percent
of the total THMs, with
dibromochloromethane comprising the
final 8 percent of the total THMs. In the
absence of more detailed occurrence
data, these proportions are used to
divide the average TTHM concentration
into the concentration for the four
individual compounds.

Two estimates of risk factors were
used to estimate the cancer incidence.
The first set of lifetime unit risk factors
represent the upper 95 percent
confidence limit of the dose-response
function. The second estimate of
lifetime unit risk is the maximum
likelihood estimate used in the 1994
analysis that represents the central
tendency of the dose-response function
(Bull, 1991). The annual unit risk is
calculated by dividing the lifetime risk
by a standard assumption of 70 years
per lifetime. To calculate the annual
incidence of cancer due to consumption

of TTHMs in drinking water, the annual
drinking water unit risk is multiplied by
the number of units, in this case the
concentration of TTHMs in pg/L, broken
out into individual THMs based on the
proportions presented above. Based on
these cancer risk estimates derived from
laboratory animal studies, the annual
95th percentile upper bound number of
cancer cases attributable to TTHMs is
approximately 100. This means that
there is a 95 percent chance that the
annual number of cases are less than or
equal to 100. Using the maximum
likelihood or “‘best’ estimates, the
annual number of cancer cases is about
2.

3. Baseline Analysis Based on
Epidemiology Data

Epidemiological studies can be used
to assess the overall population risk
associated with a particular exposure.
Since the late 1970s, epidemiological
investigations have attempted to assess
whether chlorinated drinking water
contributes to the incidence of bladder,
colon, rectal, and other cancers. Several
studies have reported a weak
association between bladder cancer and
exposure to chlorinated drinking water,
but a causal relationship has not been
confirmed (Freedman, et al., 1997).

Several cancer epidemiological
studies examining the association
between exposure to chlorinated surface
water and cancer were published
subsequent to the 1994 proposed rule
and the 1992 meta-analysis. In general,
these new studies are better designed
than the studies published prior to the
1994 proposal. The new studies include
incidence of disease, interviews with
the study subjects, and better exposure
assessments. More evidence is available
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on bladder cancer for a possible
association to exposure to chlorinated
surface water than other cancer sites.
Because of the limited data available for
other cancer sites such as colon and
rectal cancer, the RIA focuses on
bladder cancer.

Based on the best studies, a range of
potential risks was developed through
the use of the population attributable
risk (PAR) concept. Epidemiologists use
PAR to quantify the fraction of disease
burden in a population (e.g., bladder
cancer) that could be eliminated if the
exposure (e.g., chlorinated drinking
water) was absent. PAR (also referred to
as attributable risk, attributable portion,
or etiologic fraction) provides a
perspective on the potential magnitude
of risks associated with various
exposures under the assumption of
causality. For example, the National
Cancer Institute estimates that there will
be 54,500 new cases of bladder cancer
in 1997. If data from an epidemiological
study analyzing the impact of
consuming chlorinated drinking water
reports a PAR of 1 percent, it can be
estimated that 545 (54,500 x .01)
bladder cancer cases in 1997 may be
attributable to chlorinated drinking
water.

Under the Executive Order #12866
that requires EPA to conduct a RIA, EPA
has chosen to estimate an upper bound
bladder cancer risk range for chlorinated
drinking water using the PAR. EPA
suggested this approach in the 1998
NODA (EPA, 1998a). While EPA
recognizes the limitations of the current
epidemiologic data base for making
these estimates, the Agency considers
the data base reasonable for use in
developing an upper bound estimate of
bladder cancer risk for use in the RIA.
In light of the toxicological evidence,
EPA recognizes that the risks from
chlorinated drinking water may be
considerably lower than those derived
from the currently available
epidemiological studies. EPA selected
studies for inclusion in the quantitative
analysis if they contained the pertinent
data to perform a PAR calculation and
met all three of the following criteria:

1. The study was a population-based,
case-control, or cohort study conducted

to evaluate the relationship between
exposure to chlorinated drinking water
and incidence of cancer cases, based on
personal interviews; (all finally selected
studies were population-based, case-
control studies)

2. The study was of high quality and
well designed (e.g., adequate sample
size, high response rate, adjusted for
known confounding factors); and,

3. The study had adequate exposure
assessments (e.g., residential histories,
actual THM data).

Using the above criteria, five bladder
cancer studies were selected for
estimating the range of PARs.

e Cantor, et al., 1985;

* McGeehin, et al., 1993;

* King and Marrett, 1996;

* Freedman, et al., 1997; and

* Cantor, et al., 1998.

The PARs from the five bladder
cancer studies ranged from 2 percent to
17 percent. These values were derived
from measured risks (Odds Ratio and
Relative Risk) based on the number of
years exposed to chlorinated surface
water. Because of the uncertainty in
these estimates, it is possible that the
PAR could also be zero. The
uncertainties associated with these PAR
estimates are large due to the common
prevalence of both the disease (bladder
cancer) and exposure (chlorinated
drinking water).

In order to apply these PAR estimates
to the U.S. population to estimate the
number of bladder cancer cases
attributable to DBPs in drinking water,
a number of assumptions must be made.
These include: (1) that the study
populations selected for each of the
cancer epidemiology studies are
reflective of the entire population that
develops bladder cancer; (2) that the
percentage of those cancer cases in the
studies exposed to chlorinated drinking
water are reflective of the bladder
cancer cases in the U.S.; (3) that DBPs
were the only carcinogens in these
chlorinated surface waters; and (4) that
the relationship between DBPs in
chlorinated drinking water exposure
and bladder cancer is causal.

The last of these assumptions is
perhaps the most open to question. As
noted in the March 1998 NODA, the
results of the studies are inconsistent. In

light of these concerns, the Agency
agrees that causality between exposure
to chlorinated water and bladder cancer
has not been established and that the
number of cases attributable to such
exposures could be zero.

Based on the estimate of 54,500 new
bladder cancer cases per year nationally,
as projected by the National Cancer
Institute for 1997, the numbers of
possible bladder cancer cases per year
potentially associated with exposures to
DBPs in chlorinated drinking water
estimated from the five studies range
from 1,100 (0.02 x 54,500) to 9,300 (.17
x 54,500) cases. As noted above, due to
the uncertainty in these estimates, the
number of cases could also be zero. In
making these estimates it is necessary to
assume that these bladder cancer cases
are attributed to DBPs in chlorinated
surface water, even though the studies
examined the relationship between
chlorinated surface water and bladder
cancer. This derived range is not
accompanied by confidence intervals
(C.1Is), but the C.Is. are likely to be very
wide. EPA believes that the mean risk
estimates from each of the five studies
provides a reasonable estimate of the
potential range of risk suggested by the
different epidemiological studies. Table
IV=8 contains a summary of the risk
estimates from the 1994 draft RIA and
the estimates derived from the more
recent analysis.

A related analysis based on odds
ratios was conducted to derive a range
of plausible estimates for cancer
epidemiologic studies (EPA, 1998n).
This analysis was also based on bladder
cancer studies (the five studies cited
above in addition to Doyle et al. 1997).
For the purpose of this exercise, the
annual U.S. expected number of 47,000
bladder cancers cited by Morris et
al.(1992) was used to calculate estimates
of the cancers prevented. The number of
cancers attributable to DBP exposure
was estimated not to exceed 2,200—
9,900 per year and could include zero.
As would be expected from related
analysis performed in the same data,
this range is similar to the 1,100-9300
PAR range. EPA has used the 1100-9300
PAR range for the RIA.

TABLE IV—8.—NUMBER OF CANCER CASES ATTRIBUTABLE TO DBPS: COMPARISON OF ESTIMATES IN 1994 AND 1998

1994 estimates

1998 estimates

Number of New Bladder Cancer Cases/Year ....
Number of Estimated Deaths Due to Bladder Cancer/Year ...............

Attributable to DBPs in Drinking Water

Data Source
Causality .....ccccovevveeniiiieiiieeee
Percent Attributable to DBPs

Approx. 50,000 .................
Did not state ..........ccueee...

54,500.
12,500.

5 studies that meet specific criteria.
No.
2% to 17%.
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TABLE IV—8.—NUMBER OF CANCER CASES ATTRIBUTABLE TO DBPS: COMPARISON OF ESTIMATES IN 1994 AND 1998—

Continued

1994 estimates

1998 estimates

Number of Cancer Cases Attributable to DBPs:
Estimated Using Toxicological Data
Estimated Using Epidemiological Data

Less than 1*
Over 10,000***

Zero to 100.**
Zero to 9,300.****

*Based on maximum likelihood estimates of risk from THMs.
**Based on IRIS 95th percent C.I. estimates of risk from THMs.

*** |ndicates rectal and bladder cancer cases.
**** Indicates only bladder cancer cases.

The current benefits analysis is
structured in roughly the same manner
as that presented in the 1994 RIA. The
baseline cancer risks could lie anywhere
from zero to 100 cases per year based on
toxicological data; and zero to 9,300
cases per year based on epidemiological
data. Consequently, the task is to assess
the economic benefit of the final Stage
1 DBPR in the face of this broad range
of possible risk.

4. Exposure Reduction Analysis

EPA predicted exposure reductions
due to the current Stage 1 DBPR relative
to the present baseline. EPA used the
concentration of TTHMs as a marker to
measure the exposure to the range of
DBPs because data are available on the
baseline occurrence and formation of
TTHMs. There are limited data on the
total mix of byproducts in drinking
water. Therefore, the reduction in
TTHMs is assumed to reflect the
reduction in exposure to all DBPs. To
determine the change in exposure, it is
necessary to estimate the pre-Stage 1
baseline average TTHM concentration
and the post Stage 1 average TTHM
concentration. The difference in the pre-
and post-Stage 1 TTHM concentrations
reflect the potential reduction in
TTHMs and thus in DBPs.

As described previously, the
estimated pre-Stage 1 TTHM weighted
average concentration is 44 pg/L for all
system sizes and types of systems. The
post Stage 1 TTHM concentrations for
each system category were estimated
based on the technology compliance
forecasts previously discussed and
estimated reductions in TTHM levels
depending upon technology. The post-
Stage 1 TTHM weighted average
concentration is estimated at 33 pg/L.
This represents a 24 percent reduction
in TTHM levels resulting from the Stage
1 DBPR. Further details of the above
analysis is described in the RIA for the
Stage 1 DBPR (USEPA, 1998g).

5. Monetization of Health Endpoints

The range of potential benefits from
the Stage 1 DBPR can be estimated by
applying the monetary values for fatal

and nonfatal bladder cancer cases with
the estimate of the number of bladder
cancer cases reduced by the rule. The
following assumptions are used to
estimate the range of potential benefits:

* An estimate of the number of
bladder cancer cases attributable to
DPBs in drinking water ranging from 0
to 9,300 annually.

* A 24 percent reduction in exposure
to TTHMs due to the Stage 1 DBPR (75
percent Cl of 19 to 30 percent) will
result in an equivalent reduction in
bladder cancer cases

« A value per statistical life saved for
fatal bladder cancers represented by a
distribution with a mean of $5.6 million

« A willingness to pay to avoid a
nonfatal case of bladder cancer
represented by a distribution with a
mean of $587,500

Using the low end of the risk range of
0 bladder cancer cases attributable to
DBPs results in a benefits estimate of $0.
To calculate the high end of the range,
the 9,300 estimate of attributable cases
is multiplied by the percent reduction
in exposure to derive the number of
bladder cancer cases reduced (9,300 x
.24 = 2,232 bladder cancer cases
reduced). This assumes a linear
relationship between reduction in
TTHMs concentrations and reduction in
cancer risk (e.g., 24 percent reduction in
TTHMSs concentration is associated with
a 24 percent reduction in cancer risk).
Assuming 23 percent of the bladder
cancer cases end in fatality and 77
percent are nonfatal, the number of fatal
bladder cancer cases reduced is 513
(2,232 % .23) and the number of nonfatal
bladder cancer cases is 1,719 (2,232 x
.77). Based on the valuation
distributions described above, the
estimate of benefits at the mean
associated with reducing these bladder

cancer cases is approximately $4 billion.

It should be noted that these estimates
do not include potential benefits from
reducing other health effects (e.g, colon/
rectal cancer and reproductive
endpoints) that cannot be quantified at
this time. As a result, EPA believes that
the potential benefits discussed in
today’s rule may be a substantial

underestimate of potential benefits that
will be realized as a consequence of
today’s action. While the low end of the
range cannot extend below $0, it is
possible that the high end of the range
could extend beyond $4 billion if the
other reductions in risk could be
quantified and monetized. No discount
factor has been applied to these
valuations, although there is likely to be
a time lag between compliance with the
rule and the realization of benefits.
Given this wide range of potential
benefits and the uncertainty involved in
estimating the risk attributable to DBPs,
EPA undertook five different
approaches to assessing the net benefits
of the Stage 1 DBPR. These approaches
are described in the net benefits section
and should be considered both
individually and in the aggregate.

E. Net Benefits Analysis

The potential economic benefits of the
Stage 1 DBPR derive from the increased
level of public health protection and
associated decreased level of risk. The
guantification of the benefits resulting
from DBP control is complicated by the
uncertainty in the understanding of the
health risks. Epidemiological studies,
referred to previously, suggest an
association between bladder cancer and
exposure to chlorinated surface water;
however, these risks are uncertain. The
lowest estimate in the selected
epidemiological studies of the number
of new bladder cancer cases per year
attributable to chlorinated surface water
is 1,100 cases, while the highest is 9,300
cases. EPA recognizes that while these
risks may be real, they also could be
zero. Assessment of risks based only on
toxicological data for THMSs, indicate a
much lower risk (2 cancer cases per year
at the most likely estimate, to about 100
cases per year using the 95 percent
confidence level upper bound), but
THMs represent only a few of the many
DBPs in drinking water.

EPA explored several alternative
approaches for assessing the benefits of
the Stage 1 DBPR: Overlap of Benefit
and Cost Estimates; Minimizing Total
Social Losses; Breakeven Analysis;
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Household Costs; and Decision-Analytic
Model. A summary of the analysis of
each approach is presented below. More
detailed descriptions are described in
the RIA (USEPA, 1998g).

Overlap of Benefit and Cost Estimates.
One method to characterize net benefits
is to compare the relative ranges of
benefits and costs. Conceptually, an
overlap analysis tests whether there is
enough of an overlap between the range
of benefits and the range of costs for
there to be a reasonable likelihood that
benefits will exceed costs. In a
theoretical case where the high end of
the range of benefits estimates does not
overlap the low end of the range of cost
estimates, a rule would be difficult to
justify based on traditional benefit-cost
rationale.

For the Stage 1 DBPR, the overlap
analysis (Figures IV-1a and 1V-1b)

show that there is substantial overlap in
the estimates of benefits and costs. The
range of quantified benefits extends
from zero to over $4 billion. The zero
end of the range of estimated benefits
represents the possibility that there is
essentially no health benefit from
reducing exposure to DBPs. The other
end of the range assumes there are 9,300
bladder cancer cases per year
attributable to DBPs and there is a 24
percent annual reduction in exposure
with the promulgation of the rule,
resulting in avoidance of 2,232 cases.
Assuming that number of avoided cases,
approximately 513 would have been
fatalities and would result in a cost
savings of approximately $3 billion
(each avoided fatality results in a cost
savings of $5.6 million). Additionally,
1,719 non-fatal cases avoided would
result in a cost savings of approximately

$1 billion (each avoided non-fatal case
results in a cost savings of $0.6 million).
The sum of the cost savings is
approximately $4 billion. The high end
of the benefits range could potentially
be higher if other health damages are
avoided. The range of cost estimates is
significantly smaller, ranging from $500
million to $900 million annually.
Although these cost estimates have
uncertainty, the degree of uncertainty is
of little consequence to the decisions
being made given the scale of the
uncertainty for the benefits.

Figure 1IV-1b, on the other hand,
indicates that while the quantified
benefits could exceed the costs, there is
the possibility that there could be
negative net benefits if there were no
health benefits.

BILLING CODE 6560-50-U
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Figure IV-1a Overlap of Estimated
Benefits and Costs of the Stage 1 DBPR

Figure IV-1b Overlap of the Ranges of
the Estimated Benefits and Costs of the
Stage 1 DBPR

Figure IV-1a Overlap of Estimated Benefits and Costs of the Stage 1 DBPR
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Minimizing Total Social Losses
Analysis. Minimizing Total Social
Losses analysis, sometimes called
“minimizing regrets” analysis, is a
decision-aiding tool that is suited for
use in situations where it is impossible
to pin down the exact nature and extent
of arisk. The basic premise of
Minimizing Total Social Losses analysis
is to estimate total social costs for policy
alternatives over a range of plausible
risk scenarios. The actual, or “true” risk
is unknowable, so instead this analysis
asks what range and level of risks could
be true, and then evaluates the total
costs to society if particular risk levels
within that range turned out to be the
“true” value. Total social costs include
both the cost to implement the policy
option, plus costs related to residual
(i.e., remaining) health damages at each

risk level after implementation of the
policy option.

Under this analysis the “total social
costs” (water treatment costs plus costs
of health damages still remaining after
treatment) are calculated for three
regulatory alternatives (No Action, Stage
1, and Strong Intervention—otherwise
known as the proposed Stage 2
requirements of the 1994 proposal)
across a range of risk scenarios (< 1; 100;
1,000; 2,500; 5,000; 7,500; and 10,000
attributable bladder cancer cases
annually). Total social costs for each
regulatory alternative for different risk
assumptions are presented in Table IV—
9. The results indicate that the Stage 1
DBPR has the least social cost among
the three alternatives analyzed across
the range of risks from 2,500 through
7,500 attributable bladder cancer cases
annually.

Total ““social loss” for each risk
scenario are also indicated in Table IV-
9. The ““social loss” is the cost to society
of making a wrong choice among the
regulatory alternatives. It is computed as
the difference between the total social
cost (water treatment cost plus
remaining health damages) of an
alternative at a given risk scenario and
the total social cost of the best
alternative (least total social cost
alternative for that risk scenario). The
regulatory alternatives across the
different risk levels can also be
compared to see which alternative
minimizes the maximum potential loss.
The best alternative, by this “mini-max’
criteria, would be the one in which the
upper bound of potential losses is
smallest.
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Under the Stage 1 DBPR alternative,
the worst loss that could happen would
occur if the lowest end of the risk range
is true. This would result in total social
losses of $0.7 billion per year. It is
concluded that the maximum potential
loss of the Stage 1 alternative is smaller
than that of No Action ($4.1 billion) by
a factor of 6 and smaller than that of
Strong Intervention ($2.9 billion) by a
factor of 4. Thus, the Stage 1 DBPR is
the best of the 3 alternatives at
minimizing the maximum social loss.

The 1994 Reg. Neg. and 1997 M-DBP
Advisory Committees implicitly applied
this type of “minimizing maximum
loss” framework when developing and
evaluating the DBP regulatory options.
In the face of large uncertainty regarding
risk from DBPs, they decided that a
moderate response, relying on the more
cost-effective of the available treatment
methods was appropriate as an interim
step until more information on risk
becomes available.

Break Even Analysis. Breakeven
analysis represents another approach to
assessing the benefits of the Stage 1
DBPR given the scientific uncertainties.
Breakeven is a standard benchmark of
cost effectiveness and economic
efficiency, and is essentially the point
where the benefits of the Stage 1 DBPR
are equal to the costs. Normally, the
benefits and costs of an option are
calculated separately and then
compared to assess whether and by
what amount benefits exceed costs. In
the case of the Stage 1 DBPR,
independently estimating benefits is
difficult, if not impossible, because of
the 10,000-fold uncertainty surrounding
the risk. Instead, the breakeven analysis
works backwards from those variables
that are less uncertain. In this case,
implementation costs for the rule and
the monetary value associated with the
health endpoints are used to calculate
what baseline risk and risk reduction

estimates are needed in order for the
benefits, as measured in avoided health
damages associated with bladder cancer,
to equal the costs.

Two important concepts for this
analysis are the cost of illness measure
and the willingness-to-pay measure. The
cost of illness measure includes medical
costs and lost wages associated with
being unable to work as a result of
illness. In comparison, willingness-to-
pay measures how much one would pay
to reduce the risk of having all the
discomfort and costs associated with
nonfatal cancer if such an option
existed. The main difference between
these two methods is that willingness-
to-pay incorporates pain and suffering,
as well as changes in behavior into the
valuation, while cost of illness does not.
EPA has estimated the cost of a non-
fatal case of bladder cancer at $121,000
using the cost of illness method, and at
$587,500 using the willingness-to-pay
approach.

Assuming an annual cost of $701
million and assumptions about the
monetary value of preventing both fatal
and nonfatal bladder cancer cases, the
Stage 1 DBPR would need to reduce 438
bladder cancer cases per year using the
willingness-to-pay measure for nonfatal
cancers or 574 cases per year using the
cost of illness measure. If exposure is
reduced by 24 percent, the baseline
number of bladder cancer cases
attributable to DBPs in chlorinated
drinking water required to break even
would need to range from 1,820 to 2,390
new cases annually. Although these
values are well above the range
indicated by existing toxicological data
for THMs alone, they fall within the
attributable risk range suggested by the
epidemiological studies.

Household Cost Analysis. A fourth
approach for assessing the net benefits
of the Stage 1 DBPR is to calculate the
costs per household for the rule.

Household costs provide a common
sense test of benefit/cost relationships
and are another useful benchmark for
comparing the willingness-to-pay to
reduce the possible risk posed by DBPs
in drinking water. It is essentially a
household level breakeven analysis. It
works backwards from the cost to ask
whether the implied amount of benefits
(willingness-to-pay) needed to cover
costs is a plausible amount.

About 115 million households are
located in service areas of systems
affected by the Stage 1 DBPR. Of these
households, 71 million (62 percent) are
served by large surface water systems.
Approximately 4.2 million (4 percent)
are served by small surface water
systems. Large ground water systems
served 24 million households (21
percent) and small ground water
systems serve 15.7 million households
(14 percent).

All of the households served by
systems affected by the Stage 1 DBPR
will incur some additional costs (e.g.,
monitoring costs), even if the system
does not have to change treatment to
comply with the proposed rule. The
costs calculated below include both
monitoring and treatment costs.

The cumulative distributi